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DISTRIBUTION, ABUNDANCE, AND GENETIC DIVERSITY OF CLiNOSTOMUM SPP. 
METACERCARIAE (TREMATODA: DIGENEA) IN A MODIFIED OZARK STREAM SYSTEM 
Ronald M. Bonett, Michael A. Steffen, Ana L. Trujano-Alvarez*, Samuel D. Martin, Charles R. Burseyt, and 
Chris T. McAllister:!: 
Department of Biological Sciences, University of Tulsa, Tulsa, Oklahoma 74104. e-mail: ron-bonett@utulsa.edu 
ABSTRACT: Land-use alterations can have profound influences on faunal distributions, including host-parasite relationships. Yellow 
grub trematodes (Clinostomum spp.) have complex life cycles involving 3 hosts: a snail, a fish or amphibian, and a bird. Here, we 
analyze the distribution, prevalence, intensity, abundance, and genetic diversity of encysting metacercariae of Clinostomum spp. in 
salamanders and fishes throughout an aquatic system that includes a natural Ozark stream and man-made ponds. We found 
Clinostomum sp. infecting permanently aquatic Oklahoma salamanders (Eurycea tynerensis; 56% prevalence) and larval grotto 
salamanders (Eurycea spelaea) immediately downstream from a man-made pond. However, Clinostomum sp. did not infect any 
salamanders in the spring that supplies this pond, or in sections farther downstream (-0.5 and 2 km). Metacercariae of Clinostomum 
sp. were present in -90% of introduced largemouth bass (Micropterus salmoides) in the man-made pond adjunct to the stream. 
Morphological examination and phylogenetic analyses based on the mitochondrial gene cytochrome oxidase 1 (Col) and the nuclear 
ribosomal gene 188 show that fishes and salamanders at this site are primarily infected with Clinostomum marginatum. There is a 
relatively high degree of mitochondrial haplotype diversity in C. marginatum at this site but no consistent genetic difference between 
parasites in largemouth bass from the man-made pond and those in salamanders from the stream. Based on the micro geographic 
distribution and relationships of metacercariae of C. marginatum at this site, we hypothesize that the adjunct man-made pond has 
created an ecological situation that brings the cercariae of this parasite into contact with novel stream salamander hosts. 
Land-use changes can drastically alter the distribution and 
abundance of wildlife (Sala et aI., 2000; Hooper et aI., 2005; 
McKinney, 2006). This, in turn, influences host-parasite relation-
ships, since man-made habitats can initiate novel interactions 
between members of otherwise different communities (McMi-
chael, 2004; Macdonald and Laurenson, 2006). Anthropogenic 
landscape modifications, particularly those associated with 
agriculture, have been shown to influence the prevalence and 
diversity of digenetic trematode infections in aquatic amphibians 
(Johnson and Chase, 2004; Koprivnikar et aI., 2006; Gray et aI., 
2007; McKenzie, 2007). However, starkly different effects have 
been found, depending on the species of trematode, the type of 
habitat that was disturbed, and the ultimate ecological impacts. 
For example, increased abundance of trematode Ribeiroia sp., 
which is associated with amphibian limb malformations (Johnson 
et aI., 2002; Johnson and Sutherland, 2003), is thought to be 
driven by agricultural eutrophication, which promotes the 
proliferation of the trematodes' intermediate gastropod host 
(Johnson and Chase, 2004; Johnson et aI., 2007). In contrast, 
sedimentation of cultivated wetlands in the southern Great Plains 
of North America resulted in reduced prevalence and abundance 
of metacercariae of Clinostomum attenuatum in amphibians, likely 
due to a decrease in the hydroperiod, which affects the 
trematode's complex life cycle (Gray et aI., 2007). 
Clinostomum spp. are cosmopolitan digenetic trematodes that 
sexually reproduce in the alimentary canal of birds. Clinostomum 
spp. eggs leave the bird from the mouth, or the cloaca in feces 
(Olsen, 1974; Smyth and Smyth, 1980). The miracidia enter the 
first intermediate snail host by penetrating an external surface of 
the body or by being ingested as eggs (Olsen, 1974; Smyth, 1994). 
The miracidia reproduce asexually in the snail to produce free-
Received 21 June 2010; revised 31 October 2010; accepted 3 November 
2010. 
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swimming cercariae. The cercariae encyst in a second intermediate 
host (fishes or amphibians) and develop into the metacercariae 
stage (Olsen, 1974). The encysting metacercariae are the 
conspicuous "yellow grubs" from which the common name is 
derived. The life cycle is completed when a piscivorous bird or 
mammal eats an infected fish or frog (Kanev et aI., 2002). 
Clinostomum spp. metacercariae have been documented in a wide 
diversity of amphibians, but most commonly in species that live 
in, or breed in, lentic habitats (reviewed in McAllister et aI., 2010). 
While agricultural land-use changes to wetlands have been shown 
to significantly influence the prevalence and abundance of 
Clinostomum spp. encysting in amphibians (Gray et aI., 2007; 
McKenzie, 2007), novel host interactions resulting from land-use 
alteration are not well documented. Furthermore, DNA sequence 
analyses that include Clinostomum spp. have. been limited to 
minimal representation in higher-level trematode phylogenies 
(Olson et aI., 2003; Dzikowski et aI., 2004; Moszczynska et aI., 
2009). Consequently, intraspecific and local patterns of genetic 
diversity have yet to be examined for any species of Clinostomum. 
Here, we analyze the distribution, prevalence, intensity, 
abundance, and genetic diversity of Clinostomum spp. infecting 
fishes and stream salamanders in an aquatic system in the Ozarks 
of Oklahoma. We use the distribution and genetic data to test for 
an association between a man-made pond that interrupts a native 
spring-fed stream and the presence of metacercariae of Clinosto-
mum spp. in stream-dwelling salamanders downstream from the 
pond. Additionally, this study documents several novel findings 
for Clinostomum spp., including new host records, infrapopula-
tion genetic variation, and possible mitochondrial heteroplasmy. 
MATERIALS AND METHODS 
Description of study site 
The survey of Clinostomum spp. was conducted in Sawmill Hollow in the 
Nature Conservancy's J.T. Nickel Family Nature and Wildlife Preserve in 
Cherokee County, Oklahoma (36.0520167°N, 94.811967°W). Sawmill 
Hollow includes a low-order, gravel-bottomed Ozark stream that originates 
in the preserve and flows into the Illinois River (Fig. 1). Paedomorphic 
(permanently aquatic) Oklahoma salamanders (Eurycea tynerensis) inhabit 
the main section of this stream, which is primarily fed by a groundwater 
178 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.2, APRIL 2011 
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FIGURE 1. Study site in Cherokee County, Oklahoma, where Clinostomum spp. metacercariae infection was surveyed. Boxes over the stream indicate 
the sections where salamanders were surveyed (far, mid, near, and pond inlet), and portions of the stream that were flowing at the surface during our 
survey. Arrows indicate the direction of stream flow. Intervening sections of the streambed were dry at the surface. Inset map shows the groundwater 
spring (pond inlet) that feeds into the adjunct pond, which empties into the main-stream channel. 
spring (pond inlet) that flows through a man-made pond (adjunct pond) 
that is -1,200 m2• The pond inlet is inhabited by larval grotto salamanders 
(Eurycea speZaea), and it runs from the bottom of a hillside - 3 m across the 
surface and into the adjunct pond. Largemouth bass (Micropterus 
saZmoides) appear to be the only fish inhabiting the adjunct pond. There 
are 2 shallow outlet streams from the adjunct pond that flow to the main 
stream. One of the outlet streams flows aboveground about 17 m down a 
mild gradient before reaching the main stream. The other outlet stream 
flows about 8.5 m through a pipe then an additional 5. 7 m across the surface 
before reaching the main stream. During our survey period, the main-
stream channel was dry - 20 m upstream of the adjunct pond outlets, and in 
large patches downstream. However, a continuous surface stream is usually 
present in the winter and spring, and subsurface channels exist in these 
streams much of the year. During our survey, the water was clearly flowing 
within the 3 sections of the stream that we surveyed. Sawmill Hollow 
contains a second small pond that is not directly connected to the stream 
(disjunct pond). This disjunct pond primarily contains bluegill (Lepomis 
macrochirus) and only has a low density of M. saZmoides. 
Collection methods and analyses 
On 18 and 19 November 2009,2 species of pie tho don tid salamanders, E. 
tynerensis and E. speZaea, were examined for the presence of metacercariae 
of the digenetic trematode Clinostomum. We surveyed 3 sections of stream 
between 2,030 and 1,860 m downstream (far), 700 and 320 m downstream 
(mid), and 170 m downstream to 20 m upstream (near) as measured from 
an outlet of thre small man-made pond feeding into the stream (Fig. 1). 
These sections included nearly all of the flowing surface water in the study 
site during our survey. Surveyed salamanders were collected with small 
dipnets or by hand. Each salamander was visually inspected for presence 
and number of metacercariae of Clinostomum spp. independently by 2 
researchers. These data were recorded, and the salamander's coordinates 
were also determined along the stream. Surveyed salamanders were 
released after inspection, except for a few infected individuals collected for 
identification and vouchering. On 3 December 2009, M saZmoides 
individuals were surveyed in the adjunct pond using line and hook, and 
their mouth, gills, and opercula were examined for the presence and 
number of metacercariae of Clinostomum spp. Largemouth bass in the 
adjunct pond were resurveyed on 6 March 2010 for a second estimate of 
prevalence, intensity, and abundance of metacercaria of Clinostomum spp. 
based on a larger sample size. All fish were marked by fin clipping and 
released after inspection, except for 2 M. saZmoides individuals from the 
adjunct pond. We also collected I M. saZmoides and 1 L. macrochirus 
individual from the disjunct pond for genetic analysis of metacercariae. 
Parasite methods 
We retained 4 E. tynerensis (2 males, 2 females, 30-35 mm SVL), I E. 
speZaea (female, SVL =37 mm), and 1 M. saZmoides (18 em standard 
length) individuals as vouchers for further processing of metacercariae in 
the laboratory. Live salamanders were placed in 50-ml plastic conical 
tubes containing creek water and shipped overnight on ice to one of us 
(C.T.M.) for examination. Salamanders and fish were killed with a dilute 
chloretone solution, and encapsulated dermal metacercariae were teased 
from their capsules or opercula using a dissecting microscope. Metacer-
cariae were flattened and fixed in 70% ethanol, stained with Semichon's 
acetocarrnine, and mounted in Damar. Voucher specimens of Clinosto-
mum marginatum metacercariae were deposited in the United States 
National Parasite Collection (USNPC), Beltsville, Maryland, as follows: 
USNPC 103062 (from E. speZaea), 103065 (from E. tynerensis), and 103210 
(from M. saZmoides). Host voucher specimens were deposited in the 
Arkansas State University Herpetological Museum (ASUMZ), State 
University, Arkansas, or Henderson State University, Arkadelphia, 
Arkansas, as follows: E. speZaea (ASUMZ 31427), E. tynerensis (ASUMZ 
31389, 31424-31426; Fig. 2), and M. saZmoides (HSU 3332). 
Analytical methods 
Salamanders and fishes were grouped by species and location: E. 
tynerensis samples were classified as near downstream, mid-downstream, 
or far downstream, based on their proximity to the adjunct pond outlet 
(Fig. 1). Eurycea speZaea samples were classified as pond inlet or near 
downstream. The 2 surveys of M. saZmoides in the adjunct pond 
(December and March) were analyzed separately, but they yielded similar 
results. Based on the definitions by Bush et al. (1997), we determined: (I) 
the prevalence of Clinostomum spp. (percentage of individuals with any 
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Alignments of each gene were analyzed with Bayesian phylogenetic 
methods and the Col alignment was also analyzed using a haplotype 
network. MrModeltest v. 2.2 (Nylander, 2004) was used to determine the 
most appropriate model of nucleotide substitution for each gene. The 
models chosen were HKY for Col and HKY + I for IBS. For both Col 
and IBS, Bayesian phylogenetic analyses performed in MrBayes v. 3.1 
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003) were 
run with 4 chains (3 hot and I cold) and uniform priors for 20 million 
generations (with a tree saved at every 1,000 generations). We discarded 
the first 5 million generations (5,000 trees) as burn-in, and the topology 
and branch lengths were summed across 15,001 post-bum-in trees. A 50% 
majority-rule consensus of the post-bum-in trees was computed using 
PAUP* (Swofford, 2001) to determine Bayesian posterior probabilities 
(BAPP) for relationships. The 2 simultaneous independent runs performed 
in MrBayes 3.1 converged on the same topology and posterior 
probabilities. The Col phylogeny was rooted with the most divergent 
Col sequence for our sample. The IBS phylogeny was rooted with 
Shistosomatium douthitti (GenBank A YI57221). 
PAUP* (Swofford, 2001) was also used to calculate uncorrected 
pairwise genetic divergence for Col. Redundant Col haplotypes were 
consolidated using Collapse, v. 1.1 (available at http://darwin.uvigo.esl), 
and a minimum spanning network based on a pairwise matrix was 
calculated using Arlequin v. 3.0 (Excoffier et aI., 2005). Arlequin was also 
used to calculate standard diversity indices ("gene diversity") and 
molecular indices (mean number of pairwise differences [it] and nucleotide 
diversity) for Col of metacercariae from: (1) all hosts at our site; (2) all 
salamanders; (3) all M. salmoides from the adjunct pond; and (4) all fishes 
from the disjunct pond. The pairwise Fst values with 16,000 permutations 
were used to evaluate genetic distances between host and/or location 
groups, and to test the following hypotheses: Clinostomum spp. infecting 
M. salmoides from the adjunct pond and E. tynerensis from the near-
downstream section are genetically different (significant FSb P :5 0.05), or 
are part of the same population (non-significant Fst). This test is 
particularly important given the host specificity of many trematodes, 
and the current lack of genetic data or tests of cryptic diversity in 
Clinostomum spp. All IBS sequences collected from our study site were 
identical and, therefore, were not useful for population-level analyses, but 
they were used for species-level corroboration of some of our most 
mitochondrially divergent metacercariae. 
RESULTS 
Distribution, prevalence, intensity, and abundance 
We examined a total of 74 E. tynerensis individuals from Sawmill 
Hollow. The 3 groups (far, mid-, and near-downstream) yielded 25, 
31, and 18 salamanders, respectively. Salamanders from the far-
and mid-downstream sections did not show any signs of infection 
by Clinostomum spp. Fifty-six percent of the E. tynerensis 
individuals found in the near-downstream section were infected 
with Clinostomum sp. (Fig. 3), with a mean intensity of 2.2 (± 1.9; 
average ± standard deviation) metacercariae per infected individ-
ual and a mean abundance of 1.2 (± 1.8) metacercariae per 
individual examined (Fig. 3). ANOVAs with Fisher's LSD for 
abundance of Clinostomum sp. on E. tynerensis showed significant 
variation among groups (F(2, 71) = 13.107, P < 0.0001). The 
Clinostomum sp. mean abundance was significantly higher in the 
near-downstream section than the mid- (P < 0.0001) and far-
downstream (P < 0.0001) sections. There were no significant 
differences between the mid- and far-downstream sections (P = 
1.00), because Clinostomum spp. were absent in both. Fewer E. 
spe/aea individuals were found during our search (n = 12); the near-
downstream section and pond inlet yielded 2 and 10 salamanders 
respectively, with 1 infected individual in the near-downstream 
section. Due to the low numbers of E. spe/aea collected in the near-
downstream section, we were unable to statistically compare the 
mean abundance of metacercariae in E. spe/aea from the pond inlet 
and near-downstream section. 
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FIGURE 3. Prevalence, intensity, and abundance of Clinostomum spp. 
metacercariae infection in Oklahoma salamanders and largemouth bass in 
different areas of our study site. (A) Prevalence of infection is the 
percentage of individuals with at least one Clinostomum sp. individual. (B) 
Mean intensity of infection is the average number of Clinostomum 
metacercariae found per parasitized individual. (C) Mean abundance of 
infection is the average number of Clinostomum metacercariae found per 
individual examined, including both infected and uninfected individuals. 
Bars on graphs Band C represent standard deviations. Far, mid, and near 
refer to the 3 main stream sections downstream from the pond (Fig. 1). 
Lowercase letters (a and b) represent the results of the Fisher's LSD test 
from I-way ANOVA comparing differences in the total number of 
Clinostomum spp. found in the different stream sections per salamander 
examined. There were significantly more Clinostomum spp. in the near-
downstream section. 
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FIGURE 4. Genetic relationships of Clinostomum marginatum metacercariae from our study site based on the mitochondrial gene Col. (A) Bayesian 
phylogram with host species and location indicated on the right. Posterior probability of the significant node is shown above the internal branch. (B) The 
minimum spanning network of C. marginatum. Metacercariae collected from salamanders are highlighted in gray, and those from fishes are in white. 
Each dot in the network represents I mutational step. 
Largemouth bass from the adjunct pond were inspected for 
Clinostomum spp. during December and March. During the 
December survey, 7 of 8 (88%) of the M. salmoides individuals 
sampled from the adjunct pond were infected (Fig. 3). The 
infected individuals had a mean intensity of 5 metacercariae 
(±4.7), and the mean abundance of the population was 4.4 
metacercariae (±4.7). Results from the March survey were 
comparable, i.e., 24 of 26 (92%) of the M. salmoides individuals 
sampled from the adjunct pond were infected. The infected 
individuals had a mean intensity of 6.3 metacercariae (± 5.1), and 
the mean abundance of the population was 5.9 metacercariae 
(±5.2). 
Phylogenetics and genetic diversity 
Phylogenetic analyses of Col showed strong support (BAPP = 
0.95) for a clade including 21 haplotypes of Clinostomum sp. from 
our study site (Fig. 4A). The Col uncorrected pairwise genetic 
divergence within this clade ranged from 0.00% to 0.61%. 
Samples included in this clade are metacercariae from every host 
species that we sequenced in our study area, and a Clinostomum 
sp. individual (GenBank FJ477l9l) sampled from a Johnny 
darter (Etheostoma nigrum) from the Saint Lawrence River, 
Quebec. Based on morphological analyses (and 18S; see following 
section), we consider metacercariae in this clade to be Clinosto-
mum marginatum. However, we found 2 other more divergent Col 
haplotypes at this location. One metacercaria from the adjunct 
pond (CM002) was on average 1.88% ± 0.08% divergent from 
haplotypes in the common clade. The other divergent haplotype 
was from a metacercaria (C404) on an Oklahoma salamander and 
was on average 5.19% ± 0.12% divergent from all other 
haplotypes. Interestingly, this individual metacercaria also had a 
Col haplotype from the common clade. The divergent haplotype 
translates well, most of its mutations are at the third codon 
positions, and it has no frame shift mutations. Accordingly, it 
does not appear to be an artifact of peR or a mitochondrial 
pseudo gene. The level of divergence in Col suggests that this 
haplotype may be from another species of Clinostomum, but 
without comparative Col sequences of other species of yellow 
grub, we will refer to it as Clinostomum sp. 
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TABLE 1. Genetic diversity parameters for Col of Clinostomum spp. sequenced at our study site. Parameters were estimated based on all individuals, 
salamanders only, bass from the adjunct pond, and fishes from disjunct pond. The unique haplotypes listed here refer to those that are unique to 
our analysis. 
Parameter All samples Salamanders Bass adjunct pond Fishes disjunct pond 
n 22 9 9 4 
Unique haplotypes 9 2 4 2 
Different haplotypes 9 3 5 3 
Gene diversity 0.606 ± 0.123 0.417 ± 0.191 0.722 ± 0.159 0.833 ± 0.222 
Nucleotide diversity 0.003 ± 0.002 0.009 ± 0.001 0.006 ± 0.004 0.004 ± 0.003 
TC 1.710 0.444 ± 0.434 2.833 ± 1.645 2.000 ± 1.405 
The 4 samples that we sequenced for a fragment of 18S were 
identical and were also identical to c. marginatum (A Y245760) 
and Clinostomum sp. USA (A Y222095) from GenBank, further 
supporting our specific identification. The samples that we 
selected for 18S sequencing spanned the range of mitochondrial 
divergence, including the putative heteroplasmous sample (C404) 
and, therefore, did not help us further resolve the identity of the 
divergent Col haplotype. Based on the approximately 7 species of 
Clinostomum included in the I8S phylogeny, we found strong 
support for a monophyletic C. marginatum (BAPP = 0.98) and C. 
complanatum (BAPP = 1.00), but only weak support for a sister 
relationship between these taxa (BAPP = 0.66). The 18S analysis 
confirmed the divergence between C. complanatum and C. 
marginatum (2.6% divergent for this highly conserved fragment). 
This is significant since the C. marginatum sample used by 
Dzikowski et a!. (2004) was from Israel (not North America), 
which left this as an open question (McAllister et a!., 2010). 
The minimum spanning network shows 14 of the 22 (64%) 
metacercariae of C. marginatum from our site had the common 
Col ancestral haplotype, while the other 8 had unique haplotypes 
that are I to 10 mutational steps from the ancestral sequence 
(Fig. 4B; Table I). Nine unique haplotypes in 22 samples is a high 
number (gene diversity = 0.606 ± 0.123), but nucleotide diversity 
is low (0.003 ± 0.002), indicating that most unique haplotypes are 
similar to one another. We observed the same overall pattern even 
when we analyzed C. marginatum metacercariae harvested from 
different hosts and/or locations separately (Table I). The high 
value for the mean number of Col haplotypes in C. marginatum 
from largemouth bass in the adjunct pond is primarily driven by 
sample CM002, which was 10 mutational steps from the ancestral 
haplotype. The pairwise Fst test showed no significant difference 
in any comparison of metacercariae from different host and/or 
location groups (P > 0.05). Therefore, there is no evidence that C. 
marginatum metacercariae from the largemouth bass in the 
adjunct pond differ from metacercariae infecting E. tynerensis in 
the near-downstream section (P > 0.43). 
DISCUSSION 
Land-use changes and Clinostomum secondary 
host expansion 
Metacercariae of Clinostomum spp. encyst in a broad range of 
larval and adult amphibian taxa (see recent review by McAllister 
et a!., 2010). It is notable that most of the infection records of 
Clinostomum spp. for North American amphibians are from 
species that primarily live, or breed, in len tic ecosystems (lakes, 
ponds, swamps). Infections by Clinostomum spp. are much less 
common in amphibian species that inhabit lotic environments 
(rivers and streams), and they are especially rare in species that 
inhabit headwater springs (McAllister, 1990; McAllister et a!., 
2007). Here, we report 2 new host records for metacercariae of C. 
marginatum in cysts in permanently aquatic Oklahoma salaman-
ders (E. tynerensis) and a larval grotto salamander (E. spelaea). 
What makes these records unique is that E. tynerensis and larval 
E. spelaea salamanders inhabit headwater springs and small 
streams, and we have observed hundreds of individuals of these 2 
species all across the Ozark Plateau (McAllister et a!., 1995; 
Bonett and Chippindale, 2004, 2006; McAllister et a!., 2006) and 
have never observed an infection of Clinostomum spp. for them in 
any other locations. Why are Clinostomum spp. encysted in 
aquatic Eurycea at this site (Sawmill Hollow)? We hypothesize 
that the man-made pond that partially impounds the natural 
spring brings len tic habitats and their host-parasite fauna 
(planorbid snails and Clinostomum sp.) into close contact with 
otherwise lotic salamander species. Metacercariae of Clinostomum 
spp. were prevalent in the lining of the mouth, gills, and opercula 
of ~90% of M. salmoides inhabiting the adjunct man-made pond. 
Our survey from throughout Sawmill Hollow showed a significant 
increase in prevalence (56%) of C. marginatum metacercariae 
infecting E. tynerensis in a section of stream (near downstream) 
immediately below the outlet of the man-made pond. Compar-
atively, none (0%) of the E. tynerensis surveyed in the mid- or far-
downstream sections had metacercariae (Figs. 1,3). Furthermore, 
within the 190 m of the near-downstream section, >80% of the 
infected salamanders were found within ~5 m of I of the 2 pond 
outlets. 
Although there is a substantial amount of mitochondrial 
haplotype diversity at this site, the minimum spanning haplotype 
network and Fst show no significant difference between C. 
marginatum infecting the largemouth bass in the pond and the 
Oklahoma salamanders immediately downstream. Also consistent 
with this finding (but with analytical limitations), none of the E. 
spelaea surveyed in the Pond Inlet had metacercariae; however, I 
of the 2 E. spelaea in the near-downstream section had a 
metacercaria of C. marginatum. Taken together, our data show a 
close geographic and genetic association between the C. margin-
alum metacercariae encysting in Eurycea and those infecting the 
largemouth bass in the man-made pond. 
Fish are extremely uncommon in the near-downstream section, 
and we never found Oklahoma salamanders in the pond, 
suggesting that the M. salmoides and E. tynerensis individuals at 
this site are largely restricted to their len tic and lotic habitats, 
respectively. We found the planorbid snail Helisoma cf. anceps (a 
putative first intermediate host; Hunter and Hunter, 1935) to be 
common in both of the aforementioned habitats. The snails could 
potentially move bidirectionally between these habitats, whereas 
eggs, free-swimming miracidia, and cercariae of Clinostomum 
could likely only disperse from the pond downstream. The 
artificial development of a pond habitat within this stream system 
may have introduced a typically lentic amphibian parasite to new 
lotic amphibian hosts through the dispersal of first intermediate 
host snails or multiple free-living aquatic stages of the life cycle of 
Clinostomum. 
The partial or complete impoundment of lotic habitats can 
have a broad range of ecological impacts, including altering 
temperature, water chemistry, nutrient cycling, sedimentation, 
and species distributions (Baxter, 1977). Permanently aquatic 
(paedomorphic) populations of Oklahoma salamanders typically 
live in streams with well-sorted Silurian/Ordovician chert gravel 
that has large interstitial spaces that the salamanders use to access 
subsurface water during dry summers (Tumlison and Cline, 2003; 
Bonett and Chippindale, 2006). Chert bottom streams inhabited 
by E. tynerensis typically have low levels of sedimentation, but 
much of the near-downstream section is embedded with overflow 
sediment from the pond. In contrast to the situation in playa lakes 
of the southern Great Plains, where sedimentation reduces 
hydroperiod and limits the infection of C. attenuatum (Gray et 
al., 2007), in our site the sedimentation may effectively have 
converted portions of the stream into a pond. The most important 
consequence of this may be to provide habitat for the 
proliferation of Helisoma spp. Sediment may also increase 
buildup of fecal matter from piscivorous birds. The fine-scale 
distributions of sedimentation, Helisoma spp., Clinostomum spp., 
and secondary hosts at this site are the subjects of an ongoing 
study. 
Genetic diversity and heteroplasmy in Clinostomum 
A by-product of our genetic isolation test is the first estimate of 
genetic diversity of Clinostomum spp. collected from a single site. 
The level of haplotype diversity is relatively high given that the 
metacercariae were collected from a relatively small area «4 km). 
However, the haplotype divergence was very low, indicating that 
most of the unique haplotypes were less than a few mutational 
steps from the common ancestral haplotype. A surprising finding 
was that a Clinostomum specimen collected from a darter in the 
St. Lawrence River more than 1,800 km away was only 2 
mutational steps from the ancestral haplotype, and was phyloge-
netically nested among individuals from our study site (Fig. 4). 
The striking similarity between C. marginatum in northeast 
Oklahoma and Quebec is indicative of long-distance dispersal or 
range expansion. Lentic fishes, amphibians, snails, and eggs, 
miracidia, and cercariae of Clinostomum spp. probably have 
limited dispersal capabilities; therefore, local- and broad-scale 
genetic patterns in Clinostomum spp. are likely shaped by their 
most vagile host, i.e., piscivorous birds. 
Multiple divergent copies of mitochondrial genes have been 
detected within single individuals of several different types of 
parasitic flatworms (van Herwerden et al., 2000; Le et al., 2002). 
These have been explained as either nuclear pseudogenes or 
mitochondrial heteroplasmy. Here, we document the first case of 
2 divergent mitochondrial DNA copies (Col haplotypes) from a 
single metacercaria of Clinostomum sp. (C404). One of the 
haplotypes was identical to the common C. marginatum haplo-
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type, while the other was 5.19% divergent from the rest of our C. 
marginatum haplotypes. Given the level of divergence, we 
suspected that this could be the haplotype of another species of 
Clinostomum, but analysis of the nuclear gene 18S shows that this 
specimen was homozygous for alleles of C. marginatum and, 
therefore, was not an F 1 hybrid. The divergent haplotype 
completely translated with no stop codons or length variation, 
so there is no direct evidence that it is a nuclear pseudogene. 
Furthermore, we did not find this copy in any of the other 
samples that we sequenced, indicating that, if it is a pseudogene, it 
has limited presence in the nuclear genomes of related individuals. 
A species-level phylogeny of the genus Clinostomum based on 
mitochondrial DNA (particularly of Col) will be necessary to 
understand if the putative heteroplasmy is the result of 
interspecific hybridization. 
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POPULATION BIOLOGY OF CONTRA CAECUM RUDOLPHII SENSU LATO (NEMATODA) IN 
THE GREAT CORMORANT (PHALACROCORAX CARBO) FROM NORTHEASTERN POLAND 
Gerard Kanarek 
Ornithological Station, Museum and Institute of Zoology Polish Academy of Sciences, ul, Nadwislanska 108, 80-680 Gdansk, Poland, 
e-mail: kanarek@miiz.waw.pl 
ABSTRACT: Parameters related to the occurrence, aggregation, and population structure of the nematode Contracaecum rudolphii 
Hartwich, 1964, in the great cormorant (Phalacrocorax carbo) from northeastern Poland were analyzed, A total of 491 birds of 
different ages (adults, immatures, and nestlings) was examined; the cormorants studied were taken from both fresh- and brackish 
water habitats, Contracaecum rudolphii were found in stomachs of 454 birds (92,5%); the 46,244 nematodes included third- (L3) 
and fourth-stage larvae (L4), and sub-adult and adult females and males, The distribution of nematodes in the host population 
were highly aggregated, The occurrence of C rudolphii was significantly dependent on the host's age and habitat, as well as on 
season; the proportion of development stages differed significantly depending on birds' age and season (the latter only in adult 
birds), The infrapopulations of C rudolphii in the adult cormorants showed distinct density-dependent correlations: that is, as the 
infrapopulation size increased, the number of adult females C rudolphii decreased, and the proportion of larvae and sub-adult 
females increased, A higher proportion of larvae and sub-adult females characterized the component population structure of the 
nematodes in the cormorant nestlings, compared with adult birds, probably because of immune system deficiency in the immature 
birds, coupled with the development of the nematode population, Seasonal changes in the C rudolphii population, observed in the 
adult cormorants, were not related to seasonality of the L3 occurrence in food; instead, the changes are believed to have resulted 
from independent processes of elimination of the oldest nematodes and their replacement by larval stages that subsequently 
matured, 
The nematode Contracaecum rudolphii Hartwich, 1964 (in older 
publications referred to as Contracaecum spiculigerum) is a 
widespread parasite of cormorants, pelicans, and ducks (species 
Mergus) (Smogorzhevskaya, 1976; Barus et aL, 1978; Anderson, 
2000), although the nematode has been reported from as many as 
58 avian species, representing 24 genera (Barus et aL, 1978), The 
parasite has a direct life cycle, Eggs, when in aquatic environment, 
hatch to produce third-stage (L3) larvae, which are infective for 
definitive hosts; some aquatic arthropods (copepods, amphipods, 
larvae of some aquatic insects) and fishes serve as paratenic hosts; 
these hosts appear to be obligate in the parasite's life cycle from 
an ecological point of view (e,g., Mozgovoy et aL, 1968; Moravec, 
2009). In the definitive host's stomach, L3 molt to become the 
fourth-stage larvae (L4) and then sexually mature adults. As in 
other anisakid species, the presence of Contracaecum spp. L3 in 
fish is a serious problem for both humans (e.g., McCarthy and 
Moore, 2000; Chai et aL, 2005; Dorny etaL, 2009) and other 
animals (e.g., Dick, 1987; Dick et aL, 1987; Lymbery et aL, 2002). 
To date, however, the population ecology of anisakid nematodes 
occurring in homoiotherm hosts has been analyzed in only 2 
species present in marine mammals: Anisakis simplex (Smith, 
1989; Aznar et aL, 2003; Herreras et aL, 2004; Ugland et aL, 2004) 
and Pseudoterranowa decipiens (e.g., Bowen, 1990; Desportes and 
McClelland, 2001). Studies on the population structure of C. 
rudolphii are few, generally involving small sample sizes, and 
ignoring many aspects of biology and ecology of the host species 
(Huizinga, 1971; Torres et aL, 2000, 2005; Dziekonska-Rynko 
and Rokicki, 2008). Information regarding the effects of various 
biotic and abiotic factors, such as host age and sex, habitat, and 
season, on population structure and occurrence of C. rudolphii is 
indispensable for identification of mechanisms that control the 
abundance and productivity of the parasite's populations. Such 
data are necessary for further analyses regarding effects of the 
occurrence and abundance of waterfowl on circulation of 
Received 2 March 2010; revised 27 October 2010; accepted 1 November 
2010. 
DOl: IO.1645/GE-2473.1 
185 
nematode larvae, potentially hazardous for humans, in the 
aquatic environment, and for assessing the magnitude of the 
hazard. 
In the light of information accumulated so far, the present 
study was basically aimed at unravelling relationships between C. 
rudolphii infection parameters and population structure in the 
great cormorant Phalacrocorax carbo in northeastern Poland on 
the one hand and the host's age and sex, season, and habitat type 
on the other. To the author's knowledge, this is the first 
investigation based on a large sample of definitive hosts that 
considers most aspects of C. rudolphii biology and ecology. 
MATERIALS AND METHODS 
Host, study area, and sampling protocols 
In 2001-2005, full parasitological examination was performed on a total 
of 491 great cormorants Phalacrocorax carbo sinensis (Blumenbach, 1798) 
at different ages (209 nestlings, 202 adults, and 80 immatures) from 3 
northern Poland locations representing different hydrographic regimes 
(fresh- and brackish water) (for details see Kanarek, 2009). A total of 290 
cormorants (144 nestlings, 38 immatures, and 108 adults) were derived 
from brackish water habitats, and 201 specimens (65 nestlings, 42 
immatures, and 94 adults) were obtained from freshwater locations 
(Table I), Birds were collected with permission of the Local Ethics 
Commission for Research Involving Animals at the Medical University of 
Gdansk (decision no. 27/03), Adult and immature cormorants were shot 
before the breeding season (March-April) and in summer (July-August); 
once the breeding season was completed, nestlings were collected from 
nests located in the breeding colonies selected for the study, The age of the 
nestlings (in weeks) was approximated, whereas the shot birds were 
classified, based on the plumage, as either adults (sexually mature 
individuals) or immatures (individuals that had left the nest, but had 
not reached sexual maturity), The birds were then transported to the 
laboratory and immediately examined for parasites or frozen (-20 C) for 
later necropsy. The adults and immatures were sexed based on the state of 
gonads; the incomplete development of gonads in the nestlings precluded 
their sexing. A total of 117 (73 adult and 44 immature) females and 165 
(129 adult and 36 immature) males was examined, The nematodes found 
in cormorant stomachs were fixed in Berland fluid (19: 1 mixture of glacial 
acetic acid and formaldehyde) or in hot 70% ethanol and preserved in 70% 
ethanoL For identification, the nematodes were cleared in lactophenol or 
glycerine and examined using a light microscope, 
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TABLE I. Parasitological and aggregation parameters of Contracaecum rudolphii infection of Phalacrocorax carbo from northeastern Poland in relation to 
selected ecological factors. Table headers are coded as follows: Nw, number of worms; Nh, number of hosts infected/investigated; Prev, prevalence; Ma, 
mean abundance; Vmr, variance-to-mean ratio; D, index of discrepancy. 
Intensity Negative binomial distribution 
Age 
Adult 
Immature 
Chicks 
Age X sex 
Sample 
Adult male 
Adult female 
Immature male 
Immature female 
Age X season 
Spring adult 
Summer adult 
Spring immature 
Summer immature 
Age X habitat 
Freshwater adult 
Freshwater immature 
Freshwater chicks 
Brackish water adult 
Brackish water immature 
Brackish water chicks 
Total 
Parasite identification 
Nw 
23,980 
8,941 
13,323 
16,120 
7,860 
4,405 
4,536 
16,074 
7,906 
1,882 
7,059 
9,629 
5,106 
4,426 
14,351 
3,835 
8,897 
46,244 
Nh Prev x 
2011202 99.5 119.3 
80/80 100 111.8 
173/209 82.8 75 
128/129 99.2 125.9 
73/73 100 107.7 
36/36 100 122.4 
44/44 100 103.1 
1241125 99.2 129.6 
77/77 100 102.7 
24/24 100 78.4 
56/56 100 126.1 
93/94 98.9 103.5 
42/42 100 121.6 
59/65 90.8 75 
108/108 100 132.9 
38/38 100 100.9 
114/144 79.2 78 
454/491 92.5 101.5 
Those nematodes identified as C. rudolphii were classified as the third-
(L3) or fourth-stage (U) larvae, sub-adult (non-ovigerous) females, adult 
(ovigerous) females, and males; adult nematodes were identified based on 
the descriptions given in Hartwich (1964), Barus et al. (2000), Abollo et al. 
(2001), and Amato et al. (2006), whereas identification ofL3 and U was 
based on the descriptions provided by Kanarek and Bohdanowicz (2009). 
Since the name C. rudolphii denotes a set of 5 morphologically identical 
sibling species (D'Amelio et aI., 2007; Shamsi et aI., 2009), the nematodes 
found were assumed to represent C. rudolphii sensu lato. Voucher 
specimens have been deposited in the collection of the Museum of 
Zoology, Polish Academy of Sciences, CoIl. No. MIZ 180129-180155 
(L3), 180156-180185 (U), 180186-180215 (adult male), 180216-180245 
(adult female). 
Ecological terms, data analyses, and statistical criteria 
The ecological terms in this work are used as defined by Bush et al. 
(1997). Because of differences in ecology, behavior, and susceptibility to 
parasitic invasions between sexually mature, immature, and nestling 
cormorants, analyses of sex-, season-, and habitat-related differences in C. 
rudolphii prevalence and mean intensity were undertaken for individual 
age categories (Table I) using Fisher's exact test (for prevalence) and 
bootstrap t-test for mean intensity (Rozsa et aI., 2000). To elucidate 
patterns of changes in the C. rudolphii population in relation to season and 
infrapopulation size, the analyses performed involved only nematodes 
from the fully developed infrapopulations, that is, those present in adult 
cormorants. Fisher's exact test and the bootstrap t-test were used to 
compare prevalences and mean intensities, respectively, in the C. rudolphii 
component population (L3, U, sub-adult females, adult females, and 
males) in adult cormorants in spring and summer. To determine effects of 
infrapopulation size on proportion of development stages, all the C. 
rudolphii infrapopulations found in the adult cormorants (n = 201) were 
divided into 4 groups (according to the distribution of quartiles) of 
infrapopulation sizes, i.e., with low (Group I: 1-51 nematodes; 52 hosts), 
intermediate (Group II: 52-81 nematodes; 50 hosts), high (Group III: 82-
Range Mab Vmr D k X2 df P 
1-928 118.7 134.3 0.48 1.10 60.41 34 P> 0.05 
2-768 111.8 141.42 0.49 1.17 32.13 16 P> 0.05 
1-488 63.7 145.09 0.69 0.36 23.49 28 P < 0.05 
1-928 124.6 169.6 0.52 0.94 35.74 21 P> 0.05 
3-432 107.7 61.63 0.39 1.63 29.05 14 P> 0.05 
2-768 122.4 163.38 0.50 1.02 12.33 14 P < 0.05 
9-524 103.1 121.82 0.47 1.35 34.88 18 P> 0.05 
1-928 128.6 137.61 0.45 1.28 36.23 21 P> 0.05 
1-543 102.68 125.34 0.53 0.92 18.87 15 P < 0.05 
11-159 78.4 26.88 0.32 2.4 15.24 18 P < 0.05 
2-768 126.1 167.39 0.52 1.02 18.4 15 P < 0.05 
1-543 102.4 129.12 0.57 0.96 20.79 15 P < 0.05 
2-768 121.6 190.32 0.55 0.88 21.06 17 P < 0.05 
1-415 68.1 120.02 0.62 0.49 8.98 16 P < 0.05 
3-928 132.9 135.6 0.45 1.3 38.51 17 P> 0.05 
11-509 100.9 77.65 0.38 1.93 15.9 15 P < 0.05 
1-488 61.8 158.35 0.71 0.31 20.77 18 P < 0.05 
1-928 94.2 145.51 0.58 0.6 74.45 72 P < 0.05 
138 nematodes; 49 hosts), and very high (Group IV: 139-928 nematodes; 
50 hosts) infrapopulation size (Fig. 1). Proportions of the nematode 
developmental stages in each group were compared (pairwise compari-
sons) using a X2 test. The same test was used to conduct pairwise 
comparisons between proportions of different developmental stages to 
determine if the C. rudolphii population structure was related to the host's 
age. To characterize the aggregation pattern of C. rudolphii in relation to 
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FIGURE 1. Variability in proportion of developmental stages in the 
component populations of Contracaecum rudolphii in adult cormorants in 
relation to infrapopulation size; 201 infrapopulations were divided into 4 
groups: I, low (I-51 nematodes; 52 hosts); II, intermediate (52-81 
nematodes, 50 hosts); III, high (82-138 nematodes, 49 hosts); and IV, very 
high (139-928 nematodes, 50 hosts) infrapopulation size. Numbers at the 
top of the bars indicate the number of nematodes in each group. 
Contracaecum rudolphii developmental stages were coded as follows: L, 
larvae (L3 + L4); Sad F, sub-adult females; Ad F, adult females; M, males. 
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TABLE II. Parasitological parameters of Contracaecum rudolphii infection of nestling Phalacrocorax carbo from northeastern Poland in relation to 
nestling age. 
Number of Cormorants infectedl 
Age (weeks) worms investigated 
19 7/39 
II 399 43/47 
III 864 32/32 
IV 1,084 23/23 
V 2,411 29/29 
VI and above 8,606 39/39 
Total 13,323 173/209 
several factors, we used variance-to-mean ratio, D index of discrepancy 
(Poulin, 1993), and parameter k of the negative binomial distribution 
fitted by a maximum likelihood method (Bliss and Fisher, 1953) as an 
index of aggregation. A variance-to-mean ratio greater than unity 
indicates tendency toward aggregation, and aggregation levels increases 
as the ratio increases; a small k of the negative binomial distribution 
indicates high degree of aggregation. The index of discrepancy (D) has a 
narrow range of values; that is, the minimum is zero (no aggregation) and 
the theoretical maximum value is 1 when all parasites are in the same 
infrapopulation (Poulin, 2007). Calculations were carried out using the 
software package Quantitative Parasitology v. 3.0 (Reiczigel and Rozsa, 
2005). Statistical significance was set at the 0.05 probability level. 
RESULTS 
Occurrence and aggregation parameters 
A total of 46,244 individuals of C. rudolphii Hartwich, 1964, 
sensu lato, was isolated from 454 cormorants from the 491 birds 
examined; highest prevalences occurred in the immature and 
sexually mature cormorants, with the lowest prevalence in 
nestlings. The highest mean intensity was recorded in the adult 
cormorants, followed by the immature birds and nestlings 
(Table I). However, significant differences in prevalence and 
mean intensity were observed only between adults and nestlings 
(P < 0.0001 for prevalence; t = 3.6, P < 0.0005 for mean 
intensity) as well as between immature birds and nestlings (P < 
0.0001 for prevalence; t = 2.2; P = 0.046 for mean intensity). No 
significant differences in prevalence (P = 1) or mean intensity (t = 
0.45; P = 0.66) were observed between adults and immature birds. 
Variance-to-mean ratio was much greater than I, indicating a 
strongly aggregated distribution of C. rudolphii in cormorants, 
regardless of their age, sex, habitat, and season; the highest 
aggregation indices were recorded for chicks, and the lowest for 
adult cormorants (Table I). The nestlings harbored C. rudolphii as 
early as in their initial days of life, with nematode numbers 
increasing rapidly with time. By their third week of life, the 
nestlings showed 100% prevalence (Table II), whereas the mean 
intensity in oldest nestlings (220.7) was almost twice that observed 
in the sexually mature (119.3) and immature (111.8) cormorants 
(Fig. 2). No significant sex-dependent differences were found 
(Table I) either in the adults (P = 1 for prevalence; t = -1.14, P 
= 0.25 for mean intensity) or the immatures (P = 1 for 
prevalence; t = -0.66; P = 0.52 for mean intensity) cormorants. 
Mean intensities of C. rudolphii did not show any clear-cut 
pattern with respect to the type of aquatic habitats. Although 
mean intensities were higher in adults from brackish water areas 
and in the immatures from freshwater habitats (Table I), the 
differences were not significant either in the adults (t = -1.66; P 
Intensity 
Prevalence x Range 
17.9 2.7 1-6 
91.5 7.9 1-35 
100 27 3-67 
100 47.1 13-174 
100 83.1 9-225 
100 220.7 49-488 
82.8 77 1-488 
= 0.08 for mean intensity; P = 0.46 for prevalence) or in the 
immatures (t = 0.75; P = 0.46 for mean intensity; P = 1 for 
prevalence). Interestingly, the nestlings from the freshwater 
breeding colony showed a significantly higher prevalence, 
compared with the nestlings from the brackish water colony 
(Table I; P = 0.048). In contrast, no significant differences were 
observed in mean intensity (t = -0.19; P = 0.84). Significant 
differences in C. rudolphii prevalence did not occur between spring 
and summer (Table I) either in the adult or in the immature (P = 
1 in both cases) birds; mean intensity in the immatures was higher 
in summer than in spring, opposite to what was observed in the 
adult birds (Table I). However, significant differences occurred 
only in the immatures (t = -1.53, P = 0.11 in the adults; t = 2.21, 
P = 0.047 in the immature cormorants). 
Population structure 
Generally, the structure of the c. rudolphii infrapopulations in 
cormorants from northern Poland showed a distinct domination 
by males, followed in order by sub-adult females, adult females, 
and larvae (Table III). However, when the 2 female categories 
were pooled, they proved to be dominants (the proportions of 
males, females, and larvae were 35.7,46.7, and 17.6, respectively). 
Adult and immature cormorants supported the highest propor-
tion of adult nematodes, while the proportion of larvae (L3 + L4) 
was at its highest in the nestlings (Fig. 3). The differences in 
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FIGURE 2. Relationships between mean intensity of Contracaecum 
rudolphii and cormorant age; approximate nestling age in weeks; older 
cormorants divided into immatures (imm) and adults (ad). 
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TABLE III. Variability in proportions of Contracaecum rudolphii developmental stages in the component population in Phalacrocorax carbo from 
northeastern Poland in relation to cormorant age. 
Chicks Immature Adult Total 
Development stage Component population (%) Component population (%) Component population (%) Component population (%) 
L3 178 (1.4) 18 (0.2) 97 (0.4) 293 (0.7) 
L4 3,828 (28.7) 1,843 (20.6) 2,522 (10.5) 7,836 (16.9) 
Male 3,979 (29.9) 3,268 (36.5) 9,275 (38.7) 16,522 (35.7) 
Sub-adult female 4,203 (31.5) 2,307 (25.8) 6,433 (26.8) 12,943 (28) 
Adult female 1,135 (8.5) 1,862 (20.8) 5,654 (23.6) 8,651 (18.7) 
Total 13,323 (100) 8,941 (100) 23,980 (100) 46,244 (100) 
proportions of C. rudolphii L3, L4, sub-adult females, adult 
females, and males between the adult, immature, and nestling 
cormorants were significant (nestlings vs. immatures: X2 = 130.91, 
df = 4, P < 0.0001; nestlings vs. adults: X2 = 457.23, df = 4, P < 
0.0001; immatures vs. adults: X2 = 122.1, df = 4, P < 0.0001). In 
the adult birds, the infrapopu1ation size increase was accompa-
nied by increasing proportions of larvae and sub-adult females, 
with the contribution by adult females diminishing (Fig. 1). 
However, it was only Group IV (infrapopulations with the highest 
number of nematodes) that was significantly different from the 
remaining groups (Group I vs. Group IV: X2 = 98.5, df = 4, P < 
0.0001; Group II vs. Group IV: X2 = 82.7, df = 4, P < 0.0001; 
Group III vs. Group IV: X2 = 111.2, df = 4, P < 0.0001). The C. 
rudolphii infrapopulations in nestlings up to 4 wk of life were 
distinctly dominated by L4. However, the proportion of adult 
nematodes increased as young cormorants aged; the proportion of 
adult females (9.7%; Table IV) were much lower in juvenile birds 
leaving the nest than in adult and immature cormorants (23.6% 
and 20.8%, respectively; Table III). 
Changes in the C. rudolphii infrapopulation structure in the adult 
cormorants showed no significant differences in prevalence (P = 
0.42) or mean intensity (t = -0.18, P = 0.85) in L3 between spring 
and summer. Interestingly, despite the lack of significant differ-
ences in L4 prevalence (P = 0.54), their mean intensity was 
significantly higher in summer (t = 2.49; P = 0.04) (Table V). As 
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FIGURE 3. Variability in proportions of Contracaecum rudolphii 
developmental stages in the component populations in relation to host 
age. Developmental stages were coded as follows: L, larvae (L3 + L4); Sad 
F, sub-adult females; Ad F, adult females; M, males. 
opposed to L4, all the adult C. rudolphii exhibited the highest mean 
intensity in spring, with significant differences occurring in adult 
females (t = -2.86; P = 0.002) and males (t = -2.87; P = 0.002) 
(Table V); however, no significant differences in prevalence were 
seen (adult females: P = 0.63; males: P = 1) or in sub-adult females 
(t = -1.37, P = 0.15 and P = 0.78, respectively) (Table V). 
DISCUSSION 
Occurrence and aggregation parameters 
The C. rudolphii prevalence (92.5%) found in the great 
cormorants from northeastern Poland did not deviate from that 
ascribed to other Phalacrocorax species (e.g., Huizinga, 1971; 
Fedynich et aI., 1997; Torres et aI., 2000; Abollo et aI., 2001; 
Dezfuli et aI., 2002; Amato et aI., 2006), whereas the mean 
intensity exceeding 100 nematodes per hosts (101.5) was very 
similar to that recorded by Huizinga (1971) and Dezfuli et aI. 
(2002) in Ph. carbo, by Amato et aI. (2006) in Phalacrocorax 
brasilianus, and by Fedynich et aI. (1997) in Phalacrocorax auritus 
and Ph. brasilianus. Much lower mean intensities were reported 
from Ph. brasilianus by Torres et aI. (2000) and from Phalacro-
corax aristotelis by Abollo et aI. (2001) (55.9 and 19.1, 
respectively). When making comparisons, it is important to note 
that many hosts examined in this study were very young (1- to 3-
wk-old) nestlings, which exhibited relatively low prevalence and 
mean intensity, while all the studies cited above exclusively 
involved fledged individuals. When only the immatures and adults 
from northern Poland are considered, the prevalence turns out to 
be higher 100% (99.6%), and the mean intensity (117.2) much 
greater than previously reported in the literature. However, a 
comparison involving only nestlings shows the Ph. carbo nestlings 
from northern Poland to be characterized by prevalence (82.8%) 
very similar to that reported in nestlings of the Chilean Ph. 
brasilianus (85.2%) (Torres et aI., 2005), while the mean intensity 
(75.0) in the former is almost 3 times that in that reported in Chile 
(26.7). The very high prevalence and intensity of C. rudolphii 
infection of the great cormorants in northeastern Poland are most 
probably a result of the very high abundance of the cormorants in 
the area of study; for example, the Vistula Spit breeding colony 
contained, during the period of study, more than half of the Polish 
Ph. carbo population, estimated at 20,000 to 22,000 pairs (Goc et 
aI., 2007). The high density of the definitive hosts may bring about 
a higher infection ofparatenic hosts (aquatic invertebrates and fish) 
by nematode larvae (Jensen et aI., 1994; Midtgaard et aI., 2003), 
which could have affected the infection parameters observed. 
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TABLE IV. Contribution of individual Contracaecum rudolphii developmental stages in nestling Phalacrocorax carbo from northeastern Poland in 
relation to nestling age. 
Number of Cormorants infected! 
Age (weeks) worms investigated L3 
I 19 7/39 
II 399 43/47 12 (3) 
III 864 32/32 31 (3.6) 
IV 1,084 23/23 49 (4.5) 
V 2,411 29/29 31 (1.3) 
VI and above 8,606 39/39 55 (0.6) 
The frequency distribution of C. rudolphii among Polish 
cormorants is characteristically aggregated, with most individuals 
harboring low numbers of parasites, and a few individuals playing 
host to many (Anderson and May, 1985; Shaw and Dobson, 1995; 
Shaw et aI., 1998). This distribution pattern is a likely consequence 
of variation between individuals in their susceptibility to the 
nematode, resulting from behavioral, physiological, and immuno-
logical differences in the hosts (Shaw et aI., 1998; Cattadori et aI., 
2005). An important role in the observed distributions could have 
been played, however, by other factors, for example, arising from 
the seasonal variation in parasite recruitment by the birds, perhaps 
by heterogeneity in habitat, or dissimilarities in distributions of 
potential paratenic hosts (Karvonen et aI., 2004; Knudsen et aI., 
2004). In cormorants from northeastern Poland, aggregation of C. 
rudolph ii, compared to other literature data (Shaw et aI., 1998), are 
relatively high, with the highest contagion occurring in chicks, and 
the lowest in adults. This relationship may be a consequence of 
much greater homogeneity of the population of adult cormorants, 
that is, because of their longer life expectancies, individuals most 
susceptible to parasitic infection could have been eliminated from 
their population. This would suggest that chicks are the most 
heterogeneous group, with high proportion of uninfected and 
infected birds with low mean parasite intensities in the early days of 
life, and more heavily infected specimens just before fledging. A 
number of studies (e.g., Sitko, 1993; Sol et aI., 2003) have reported 
much higher infections by helminths and blood parasites in 
juveniles than in adults. 
Population structure 
Development of the c. rudolphii population in the great 
cormorant takes a relatively long time (at least several months). 
Development stages (%) 
L4 Males Sub-adult females Adult females 
13 (68.4) 1 (5.3) 4 (21) I (5.3) 
192 (48.1) 52 (13) 32 (8) 51 (12.8) 
410 (47.5) 146 (16.9) 214 (24.8) 63 (7.3) 
557 (51.4» 192 (17.7) 227 (20.9) 59 (5.4) 
854 (35.4) 633 (26.3) 767 (31.8) 126 (5.2) 
1,802 (20.9) 2,955 (34.3) 2,959 (34.4) 835 (9.7) 
The immature cormorants still showed a higher proportion of L4 
and a lower contribution of reproducing individuals (particularly 
adult females) than did the adult birds. Interestingly, the 
component population of C. rudolphii in the youngest nestlings 
contained a substantial proportion of adult females. No data on 
the length of the prepatent period exist for C. rudolphii; however, 
it is probably not much different from that found in other 
Contracaecum species. For instance, the prepatent period in 
Contracaecum microcephalum ranges from 20-30 (Dubinin, 1949) 
to 35-40 days (Semenova, 1976). Therefore, it is not possible that 
the adult females of C. rudolphii found in 1- to 2-wk-old 
cormorant nestlings could derive from larvae acquired by the 
young cormorants in food. It may be further evidence that an 
important role in the development of C. rudolphii occurrence 
parameters and population structure in the youngest cormorants 
is played by nematodes transferred by the parents during feeding 
(see also Huizinga, 1971; Torres et aI., 2005). However, the 
highest proportion of L4 and a relatively low contribution of 
adult females in the structure of the C. rudolphii population in 
cormorant nestlings could be taken as evidence that it is the food-
borne L3 that are most important for C. rudolphii acquisition by 
young cormorants. The adult cormorants showed a distinct 
seasonal variability in the nematode population structure that 
considerably deviated from the literature data. Chilean Ph. 
brasilianus revealed the presence of L3 only in spring and 
summer, with the mean intensity of L4 being significantly higher 
in winter (Torres et aI., 2000). In cormorants from northeastern 
Poland, intensity of adult females and males proved to be 
significantly higher in spring, whereas the highest mean intensity 
of adult female C. rudolphii in Chile was recorded in summer 
(Torres et aI., 2000). The differences could have obviously resulted 
from different conditions prevailing in Chile and in Poland and, 
TABLE V. Parasitological parameters of the occurrence of different developmental stages of Contracaecum rudolphii in adult Phalacrocorax carbo from 
northeastern Poland in relation to season. 
Spring Summer 
Development Number Cormorants infected! Intensity Number Cormorants infected! Intensity 
stages of worms investigated Prevalence x Range of worms investigated Prevalence x Range 
L3 52 8/125 6.4 4.7 1-35 45 8m 10.4 5.6 1-20 
L4 972 80/125 64 11.6 1-164 1,550 53177 68.8 29.2 1-273 
Male 6,618 123/125 98.4 50.2 1-358 2,657 76177 98.7 35 1-221 
Sub-adult female 4,383 117/125 93.6 35.2 1-288 2,050 71177 92.2 28.9 1-169 
Adult female 4,050 1241125 99.2 29.9 1-191 1,604 75177 97.4 21.4 1-140 
Total 16,074 124/125 99.2 121.3 1-928 7,906 77177 100 102.7 1-543 
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most probably, from the low number of hosts (n = 40) examined 
by Torres et al. (2000). 
In the present study, the similarity between proportions of L3 in 
the component population structure of adult, immature, and 
nestling cormorants indicates the occurrence of season-indepen-
dent presence of the nematode's invasive forms in cormorant food. 
Anisakid third-stage larvae persist in the definitive host for a 
relatively short time (e.g., Grabda, 1976; Fagerholm, 1988). Once 
in the definitive host, L3 molt rapidly to become L4, which may 
explain their low proportion in the overall population structure. 
However, it is difficult to explain a distinct increase in the L4 
abundance in summer, with the simultaneous reduction of the adult 
nematode abundance. There may be a constant rate of acquisition 
of food-borne L3, mechanisms that induce L3 molting into L4 
larvae, and L4 into adults that are directly density dependent. Such 
a mechanism is suggested by strong density-dependent effects 
observed in the adult cormorants, that is, the proportion of larvae 
and sub-adult females in the largest C. rudolphii infrapopulations 
increased markedly, while the abundance of adult females 
decreased. To some extent, seasonal changes in the composition 
of the C. rudolphii population also could have been a result of 
possible seasonality in the occurrence of L3 in fish. However, 
similar parameters of the L3 occurrence in the adult cormorants, 
nestlings, and immatures in spring and summer weaken the 
strength of that argument. Most probably, the majority of L3 
acquired were confronted with strong competition by adults (in 
spring) and have no chance to develop and perish. It is only in 
summer, after adult C. rudolphii have been eliminated naturally, 
that all the L3 ending up in the definitive hosts molt to become L4, 
which may explain their markedly higher intensity in summer. In 
addition, it cannot be ruled out that, at the c. rudolphii life span 
estimated to take almost a year (Ellis and Williams, 1973), those L3 
acquired with food in spring perish as adults during their hosts' 
breeding season the following year. Some role in the patterns 
observed could have been also been influenced by the wintering 
migrations to Central Europe and the Mediterranean coast, 
associated with the cormorants nesting in Poland (T. Mokwa, 
pers. comm.). There, under different environmental conditions and 
with a different diet, processes affecting C. rudolphii population 
structure may proceed differently. 
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SEASONAL OCCURRENCE OF HELMINTHS IN THE ANADROMOUS FISH COILIA NASUS 
(ENGRAULlDAE): PARASITE INDICATORS OF FISH MIGRATORY MOVEMENTS 
Wen X. Li, Rui Song, Shan G. Wu, Hong Zou, Pin Nie, and Gui T. Wang* 
State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, 
Hubei Province, p, R, China, e-mail: gtwang@ihb.ac.cn 
ABSTRACT: To understand the seasonal migration of the anadromous Coilia nasus, we attempted to identify the parasites infecting C. 
nasus and determine their seasonal occurrence. From June 2007 to July 2008, a survey of 775 C. nasus individuals from the estuary of 
the Yangtze River and the coast of the East China Sea revealed more than 7,300 parasites associated with the gills and alimentary tracts 
of C. nasus. The following 6 helminth taxa were identified, i.e., the monogeneans Heteromazocraes lingmueni and Helciferus tenuis, the 
digenean Elytrophallus coiliae, the acanthocephalan Acanthosentis cheni, and larvae of the nematodes Anisakis simplex and 
Contracaecum sp., all of which are marine or brackish-water parasites, The absence of freshwater helminths suggested that the parasites 
acquired in freshwater may have been accidentally, and easily, lost by the time the fish had reached the estuary and coast. Contrary to 
seasonal occurrence of the parasites' life cycles, the lowest mean abundance and prevalence of H. lingmueni and A. cheni occurred in 
August, which suggested the immigration of C. nasus from freshwater to the Yangtze estuary, with lower parasite burdens. The highest 
mean abundance and prevalence of the nematodes A. simplex and Contracaecum sp. in May and June, and the lowest in August, 
indicated the arrival of the fish from the coast and the Yangtze River, to the estuary, respectively. These findings suggested that a 
majority of the fish prepared for spawning migration in the estuary in spring and early summer and returned to the estuary after 
spawning in the lower and middle reaches of the Yangtze River in late summer. 
Fish parasites can be considered as biological indicators for 
various aspects of fish biology such as stock separation, 
recruitment and seasonal migration, diet and feeding behavior, 
and phylogenetics (MacKenzie, 1987; Williams et aI., 1992). To 
date, a majority of the studies in this field have focused on stock 
identification in different marine areas (Larsen et aI., 1997; 
MacKenzie et aI., 2008; Oliva et aI., 2008; Timi and Lanfranchi, 
2009), between coastal areas and estuaries (Marques et aI., 2005), 
and among different lakes (Bailey and Margolis, 1987), Because 
the survival of freshwater parasites in seawater or marine 
parasites in freshwater would be negatively affected, the 
differences in the parasite communities would indicate the 
seasonal migration of the anadromous fish between freshwater 
and seawater. However, few studies have described the relation-
ships between the seasonal occurrence of parasites and the 
seasonal migration of fishes. Three species of digeneans have been 
identified as potential indicators for identifying the summer 
feeding grounds of different stocks of herring (Clupea harengus) in 
the North Sea (MacKenzie, 1988), A decrease in the prevalence of 
infection with marine gastrointestinal parasites in the estuary of 
the Tabusintac River provided evidence for the approximate 
arrival times of the anadromous charr Salvelinus fontinalis from 
freshwater to the sea (Frimeth, 1987), 
The Japanese grenadier anchovy Co ilia nasus (Temminck & 
Schlegel, 1846) is distributed in the northwest Pacific, This 
anadromous anchovy feeds and overwinters in the Yangtze 
estuary and the coastal waters thereabouts; usually, from 
February onward, the adults migrate up to the lower and middle 
reaches of the Yangtze River and its conjoining lakes in the 
spawning season and return to the sea after spawning (Yuan et aI., 
1976). Coilia nasus was expected to return to the sea between 
April and October (Yuan, 1987), On the basis of gonad 
development, Li et a1. (2007) inferred that the anadromous C 
nasus spawns mainly from April to October in the Yangtze River. 
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However, the exact time of the seaward migration of C nasus is 
uncertain, 
Many parasite species have been found in C nasus and 3 of 
these species, i.e" Clavellisa chinensis, the larvae of Anisakis 
simplex, and the larvae of Anodonta woodiana pacifica are suitable 
as biological tags (Hsu et aI., 1978), In the present study, we 
identified the species of helminths associated with the gills and the 
alimentary tract of C nasus and determined the seasonal 
occurrences of these helminths on the East China Sea Coast 
and in the Yangtze estuary, We then used these data to assess the 
seasonal migration of C nasus. 
MATERIALS AND METHODS 
Coilia nasus was sampled near Chongming Island (31°63'N, 12l05l'E) 
in the Yangtze estuary and Zhoushan Island (30062'N, l22°l2'E) on the 
coast of the East China Sea (Fig, I). Chongming Island lies on the route of 
the spawning migration of C. nasus, whereas Zhoushan Island is in the 
overwintering grounds of the fish (Yuan, 1987). The distance between 
these 2 islands is approximately 120 km. Average monthly salinities were 
~60/00 (3-80/00) adjacent to Chongming Island and ~ 300/00 (25-340/00) 
adjacent to Zhoushan Island. We did not investigate C. nasus in the 
Yangtze River itself because it is absent there from winter to early spring; 
moreover, sampling of this fish is prohibited in the Yangtze River during 
the spawning season, between April and July. 
Coilia nasus were caught using a stow net from July 2007 to June 2008. 
However, due to some unexpected reasons, the fish could not be collected 
during August, December, February, and May on the coast and during 
December and February in the estuary. Thirty to 50 C. nasus were 
examined within 24 hr after being caught. The total length of each fish was 
measured and the gills, stomach, intestine, and pyloric ceca of the fish were 
carefully removed and examined. For the examination, the helminths, 
including those on the outer intestinal wall, the intestine, and the pyloric 
ceca, were squeezed directly between 2 glass slides. The helminths were 
identified and counted using a stereomicroscope. The parasites that could 
not be identified were fixed in 70% alcohol for further morphological 
identification in the laboratory. 
The prevalence and mean abundances of the parasites, as defined by 
Bush et aI. (1997), were calculated. The changes in the prevalence were 
analyzed statistically using a G-test of heterogeneity to determine whether 
prevalence differed seasonally (Sokal and Rohlf, 1981). Differences in the 
monthly parasite abundances were evaluated using the Kruskal-Wallis test 
(nonparametric multiple comparison tests). Statistical analyses were 
performed using the STATISTICA statistical package (Release 6.0, 
StatSoft Inc., Tulsa, Oklahoma). 
LI ET AL.-SEASONAL OCCURRENCE OF HELMINTHS IN AN ANADROMOUS FISH 193 
B N 
A 
100 km 
, , , 
Yangtze River 
e 
Shanghai 
Zhoushan ISland~ 
... It ". 
.~ -... 
~. 
FIGURE 1. Sampling areas of Coilia nasus in China (A). Location of Chongming Island in the Yangtze estuary and Zhoushan Island on the coast of 
the East China Sea (B). 
RESULTS 
In total, 7,322 helminth parasites were obtained from 775 C. 
nasus. The following 6 helminth taxa were found in C. nasus, i.e., 
the monogeneans Heteromazocraes lingniueni and Helciferus 
tenuis on the gills, the digenean Elytrophallus coiliae in the 
stomach, the acanthocephalan Acanthogyrus (Acanthosentis) cheni 
in the intestine and the pyloric ceca, and larvae of the nematodes 
Anisakis simplex and Contracaecum sp. in the intestine and on the 
outer intestinal wall. 
The mean numbers of parasites in the fish from the estuary and 
the coastal waters were l3.l5 (±16.57) and 5.23 (±9.24), 
respectively. The most abundant helminth was A. cheni, which 
exhibited mean abundances of 5.76 (±l3.l3) and 1.85 (±6.29) in 
the estuary and coastal waters, respectively (Table I). 
The mean fish lengths were 265 mm and 262 mm at the 
Chongming and Zhoushan Islands, respectively. To ensure that 
all the C. nasus collected were recruited in the same year, 2 fish 
samples of a total length less than 170 mm were removed because 
the length of > l-yr-old fishes was consistently greater than 
170 mm (Yuan et aI., 1978). The differences in the fish lengths 
during the different months, or those in the fish collected from the 
Chongming and Zhoushan Islands, were not significant. The 
prevalence and mean abundance of the ectoparasite H lingmueni 
peaked in January at Chongming Island and in July at Zhoushan 
Island and were lowest in August at both islands sites (Fig. 2A). 
However, H tenuis was not common in the sampled fish; this 
parasite exhibited low mean abundance throughout the year 
(Fig. 2B). The endoparasite A. cheni had the highest mean 
abundance in March at Chongming Island and in July at 
Zhoushan Island but the lowest in August at the 2 localities 
(Fig. 2F). The prevalence and mean abundance of the 2 
nematodes Contracaecum sp. and A. simplex increased from 
March to Mayor June, became the lowest in August, then 
exhibited a slight increase from September and maintained a rather 
low level until February (Figs. 2D, E). The prevalence and mean 
abundance of E. coiliae was low in spring and high in summer and 
autumn (Fig. 2C), which was opposite to the seasonal changes by 
the other helminths. The differences in the prevalence and 
abundance of the 6 species of helminths were statistically significant 
among different months at both Chongming (G > X20.05[7] = 14.07; 
F> FO.05[7, 356] = 2.03) andZhoushan islands (G > X20.05[9] = 16.92; 
F> FO.05 [9, 401] = 1.90). 
DISCUSSION 
In the present study, the 6 helminth species in the C. nasus 
collected from estuarine and coastal waters were all seawater or 
brackish-water parasites (Zhang et aI., 1999). Although C. nasus 
lives in freshwater for some part of the year, no freshwater 
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TABLE 1. Prevalence and mean abundance (±SD) of the 6 helminths infecting Co ilia nasus at Chongming and Zhoushan islands, East China Sea. 
Chongming Island Zhoushan Island 
Helminths Prevalence (%) Mean abundance Prevalence (%) Mean abundance 
Heteromazocraes lingmueni 42.82 1.19 ± 2.51 15.03 0.32 ± 1.23 
Helciferus tenuis 6.57 0.10 ± 0.43 8.47 0.15 ± 0.62 
Elytrophallus coiliae 27.25 0.79 ± 1.78 26.50 0.55 ± 1.27 
Anisakis simplex 23.11 0.66 ± 1.76 14.75 0.61 ± 2.41 
Contracaecum sp. 56.20 4.65 ± 10.03 33.88 1.76 ± 5.15 
Acanthosentis cheni 53.77 5.76 ± 13.13 24.32 1.85 ± 6.30 
helminths were found in any of the months sampled. The absence 
of freshwater parasites, especially of endohelminths, suggests that 
C. nasus may not have fed during their migration along the 
Yangtze River or that the helminths acquired in freshwater may 
have been lost during migration into the estuary or along the 
coast. Coilia nasus usually does not feed when migrating up the 
Yangtze River prior to spawning (Yuan et al., 1980). However, 
shrimp and small fishes have been found in the stomachs of adult 
fishes after spawning in the Yangtze River (Yuan, 1987; Zhuang 
et al., 2006). Perhaps the time spent in the Yangtze River is too 
short for efficient parasite transmission or the life cycles of 
parasites and fish migration are not synchronized. However, C. 
nasus often spends 2-5 mo in the Yangtze River (Zhuang et al., 
2006), and the occurrence of freshwater parasites is usually in 
spring when C. nasus is found in the Yangtze River (Chen, 1973; 
Zhang et al., 1999). Furthermore, 13 species of freshwater 
parasites have been found in C. nasus in the Yangtze River and 
its conjoining lakes (Hsu et al., 1978). Therefore, C. nasus can be 
infected by freshwater parasites when feeding on fish and 
crustaceans after spawning in the Yangtze River. In our study, 
the absence of freshwater helminths in the fish captured from the 
estuarine and coastal waters suggested that the ecto- or 
endoparasites acquired in freshwater may have been accidentally, 
and easily, lost by the time the fish reached the estuary and coast. 
Therefore, the arrival time of the fish from the Yangtze River to 
the estuary cannot be inferred by the absence of freshwater 
parasites. 
However, the changes in the infection levels of parasites can 
provide information on the migratory movements of the host 
because a decrease in the level of infection in a particular area 
could be the immigration of another host population with a lower 
level of infection (MacKenzie and Abaunza, 1998). The reduc-
tions in the prevalence of marine gastrointestinal parasites in the 
estuary provided evidence for the approximate arrival time of the 
anadromous charr Salve linus fontinalis from freshwater (Frimeth, 
1987). In our study, the prevalence and mean abundance of 5 of 
the 6 identified parasites decreased to the lowest values in August; 
an exception was E. coiliae. The seasonal variations in prevalence 
and mean abundance, and the life cycle of the parasites, may thus 
reflect the migratory behavior of C. nasus. 
Generally, a gastropod is the first intermediate host for 
hemiuroid trematodes (Vande Vusse, 1980). Second intermediate 
hosts include crustaceans, chaetognaths, and a few fish species 
(Bray, 1990). Therefore, increases of infections of hemiuroid 
digeneans in summer were related to the fish feeding on 
planktonic invertebrates (MacKenzie, 1988; Larsen et al., 1997). 
While the fish consume large quantities of intermediate hosts in 
spring, the recruitment of the parasite occurs in summer, which 
suggests that the immigration of C. nasus from freshwater does 
not affect recruitment of the hemiuroid digenean E. coiliae in 
summer or autumn. 
The ectoparasites H. lingmueni and H. tenuis have a direct life 
cycle. The changes in mean abundance and prevalence are 
susceptible to the immigration of another population with low 
infection. Therefore, the lowest mean abundance and prevalence 
of H. lingmueni in August may indicate the arrival time of C. 
nasus from the freshwater. However, the change in mean 
abundance and prevalence of H. tenuis is insufficient for 
providing reliable information on migration. 
The acanthocephalan Acanthosentis tilapiae, which probably 
uses cyclopoid copepods as an intermediate host, appears to be 
recruited in summer, then develop and mature through the winter, 
and reproduce sexually in late winter and spring (Amin et al., 
2008). The mean abundance and prevalence of the congeneric 
acanthocephalan A. cheni was expected to be high in summer and 
autumn; however, in our study, mean abundance and prevalence 
of A. cheni was the lowest in August. This finding suggests that 
mean abundance of A. cheni was decreased by the immigration of 
C. nasus from the Yangtze River. Thus, the decrease in mean 
abundance in late summer indicates the arrival of C. nasus from 
the freshwater. 
Euphausiaceans are the most important crustacean hosts of A. 
simplex, and fish act as paratenic hosts with marine mammals as 
the final hosts (Hays et al., 1998; K0ie et al., 2008). Crustaceans, 
mostly copepods, act as the first intermediate hosts while fishes 
are the second intermediate (paratenic) hosts; seals are the 
definitive hosts of the nematode Contracaecum sp. (K0ie and 
Fagerholm, 1995). The larvae of Contracaecum rudolphii can 
survive in fish for nearly 2 yr (at least 18 mo; Moravec, 2009). 
Therefore, the prevalence and intensity of the parasite A. simplex 
in Atlantic herring off the east coast of Canada in different 
seasons did not vary significantly (McGladdery and Burt, 1985). 
However, the prevalence and mean abundance of A. simplex in 
cod was the highest in autumn (Hemmingsen et al., 1995). In the 3 
host species from a coastal area in central Norway, there was an 
increase in the abundance of A. simplex third-stage larvae in 
spring, with the peak appearance in March and April; a spring 
bloom of plankton was considered as the most important 
contributing factor (Stmmnes and Andersen, 2000). In our study, 
the mean abundance and prevalence of Contracaecum sp. and A. 
simplex increased from March, peaked in May and June, and 
became the lowest in August. Generally, before migrating the 
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FIGURE 2. Monthly changes in the mean abundance and prevalence of Heteromazocraes lingmueni (A), Helciferus tenuis (B), Elytrophallus coiliae (C), 
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anadromous fish need to consume large amounts of food (Zhuang 
et ai., 2006), thereby leading to the increase in parasite 
transmission in C. nasus. Therefore, the increase in mean 
abundance and prevalence in spring perhaps suggest the 
commencement of migration of C. nasus from the sea to the 
Yangtze River. In addition, although some Anisakis spp. larvae 
with the greatest salinity tolerance survived for more than half a 
year in freshwater, the differential survival of a large number of 
the Anisakis sp. larvae was negatively affected by the low salinity 
(Moller, 1978). In the present study, some of the Contracaecum 
sp. and A. simplex could be lost during the several month's 
migration of C. nasus in the Yangtze River. Therefore, the 
decrease in mean abundance and prevalence in late summer may 
suggest the migration of C. nasus from the Yangtze River toward 
the sea. 
From the analysis of the seasonal occurrence and life cycle of 
these parasites, seasonal changes of the mean abundance and 
prevalence of the 4 parasites, i.e., H. lingmueni, A. cheni, 
Contracaecum sp., and A. simplex, suggest that the majority of 
C. nasus prepared for spawning migration in the estuary in spring 
and early summer and returned to the estuary after spawning in 
late summer. The anadromous anchovy usually commenced 
migration to the Yangtze River in February (Yuan et ai., 1976) 
and were expected to return to the sea between April and October 
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(Yuan, 1987). On the basis of gonad development, Li et al. (2007) 
inferred that the anadromous C. nasus spawns mainly from April 
to October (peaking in June) in the Yangtze estuary and in 
August at Anqing in the middle reaches of the Yangtze River. 
This finding suggests that a large number of the fish migrated 
seaward from June after spawning in the middle reaches of the 
Yangtze River. Inferences from the seasonal changes of the 
parasite are consistent with the above studies. Therefore, the 
monogenean H. lingmueni and the acanthocephalan A. cheni are 
suitable for indicating migration of C. nasus from the Yangtze 
River to the Yangtze estuary, while the nematodes Contracaecum 
sp. and A. simplex are suitable for indicating the arrival time of 
the fish from the coast and the Yangtze River to the estuary. 
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EXAMINING THE AREA EFFECT FOR PARASITE COMMUNITIES OF BLUEGILL X GREEN 
SUNFISH HYBRIDS IN FIVE CONSTRUCTED PONDS IN KANSAS 
Derek A. Zelmer and Johnathon K. Campbell* 
Department of Biology and Geology, University of South Carolina Aiken, Aiken, South Carolina 29801. e-mail: derekz@usca.edu 
ABSTRACT: The parasite communities of bluegill X green sunfish hybrids were examined from 5 constructed ponds in Kansas in an 
attempt to evaluate the separate effects of habitat area and habitat heterogeneity on parasite community structure, Characterization of 
fish community structure and collection of hybrid fishes was conducted using an electrofishing boat. Benthic invertebrates were 
sampled, and substrate types examined at 30 evenly spaced points in each pond, Nonmetric multidimensional scaling of the parasite 
infracommunities, in concert with an analysis of similarities, indicated significant clustering of infracommunities by locality, The 
number and diversity of habitat types, and the richness and diversity of both fishes and benthic invertebrates, were positively correlated 
with the first axis of the infracommunity ordination, Pond surface area, parasite richness, and stocking pressure were negatively 
correlated with the first axis of the infracommunity ordination, suggesting that pond area, stocking pressure, or both was a stronger 
determinant of parasite community structure in these systems than habitat and host heterogeneity, 
Regardless of whether successively larger areas are sampled 
within a single habitat, or habitats of differing size within the 
same geographical region are sampled, the number of species 
found tends to increase with area sampled (Preston, 1962; 
Williams, 1964; Connor and McCoy, 1979), 
The area effect first proposed by MacArthur and Wilson (1963, 
1967) is a population-level mechanism that relies on the simple 
premise that larger populations are less prone to suffering local 
extinction events as the result of random environmental changes 
(Harner and Harper, 1976; Usher, 1979; Rosenzweig, 1995). Thus, 
the higher species richness of communities in large systems is the 
direct result of the lower local extinction probabilities of the 
constituent populations. A second hypothesis for the species-area 
relationship is that the increased habitat heterogeneity in larger 
localities allows for more species to persist by increasing the 
likelihood that their specific habitat requirements will be met, and 
facilitating resource partitioning, making the coexistence of 
competing species more likely (Harner and Harper, 1976; Abbott, 
1978; Tonn and Magnuson, 1982; Fox, 1983; Rosenzweig, 1995). 
Although both hypotheses have demonstrable merit and empirical 
support, the fact that habitat heterogeneity and area increase in 
concert have made their separate effects difficult, if not 
impossible, to distinguish (Simberloff, 1974, 1976; Harner and 
Harper, 1976; Rosenzweig, 1995). 
For parasites, an area effect likely is manifested through higher 
abundances and densities of host populations that increase 
transmission probabilities (Hoff, 1941; Kuris and Lafferty, 
1994; Arneberg et aI., 1998; Smith, 2001; Hechinger et aI., 
2008), thereby promoting persistence of a greater number of 
parasite populations by maintaining high parasite abundances. 
Similarly, the direct effects of increased habitat heterogeneity on 
parasite communities should be minor relative to the indirect 
effects of increasing host richness and diversity, which in turn can 
influence parasite diversity (Hechinger and Lafferty, 2005). 
What is required to distinguish between the effects of area per 
se and heterogeneity is a series of insular habitats of various sizes, 
where habitat heterogeneity does not positively covary with 
habitat area. Natural bodies of standing water are rare in Kansas, 
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but manmade fishing lakes and ponds are abundant. Such 
constructed systems could uncouple the effects of area and 
habitat heterogeneity, because habitat heterogeneity is a product 
of construction, not necessarily the size of the system. Moreover, 
finite funds exist for the addition of structure to these fishing 
lakes, making it likely that, on a per area basis, smaller fishing 
lakes actually might have more habitat heterogeneity than the 
larger lakes. 
Any investigation of the species-area relationship can be 
problematic in that the passive sampling hypothesis (Connor 
and McCoy, 1979) must be eliminated as an artifact. Given that 
larger areas make larger targets for randomly dispersing 
organisms, one would expect that, over short periods of time, 
those larger areas should be colonized by a greater number of 
species. Given enough time, however, localities of all sizes should 
be colonized by all of the available species, producing either equal 
richness on all islands, or differences in richness due to the effects 
of area, habitat heterogeneity, and interspecific interactions 
(Usher, 1979). Thus, the time a system has been available for 
colonization must be known or estimated in order to eliminate the 
possibility that any pattern of richness is due to differential 
colonization effects such as passive sampling. Although time 
available for colonization is difficult to estimate in natural 
systems, manmade fishing lakes generally have a well-established 
origin and, within a region, tend to be stocked on a per area basis 
from the same source of stock. 
The purpose of this multilevel investigation is to examine the 
separate effects of system area and habitat heterogeneity on the 
parasite infracommunities of bluegill X green sunfish hybrids in 5 
manmade fishing ponds, ranging in size from 0.8 to 8.1 ha, 
located within 35 km of one another in south-central Kansas. 
Presumably, if population size and popUlation persistence are 
linked, there should exist a threshold population size, above 
which a population is safe from the majority of chance events that 
could lead to the local extinction of smaller populations. In lakes 
large enough to support parasite populations above that 
threshold size, a factor presumably tied to host density and/or 
abundance, the main determinants of species diversity should be 
colonization pressure and the effects of habitat heterogeneity. 
Although the long-held view (Darwin, 1859, 1878; Brooks and 
Dodson, 1965) that frequent and widespread dispersal by 
freshwater invertebrates precludes dispersal limitation as a 
structuring force is being challenged by empirical evidence (Bilton 
et aI., 2001; Bohonak and Jenkins, 2003), the proximity of the 
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localities sampled for this investigation should expose them to 
similar colonization pressures from freshwater invertebrates. 
Moreover, the colonization pressures from fish hosts are relatively 
standardized, as the ponds are stocked on a per area basis. Thus, 
it is predicted that the direct effects of lake area will be discernable 
only in the smallest of the lakes, and that species diversity for the 
invertebrates, fishes, and parasites of fishes all will positively 
covary with their appropriate measures of habitat heterogeneity, 
independent of lake size in the majority of the fishing lakes. 
MATERIALS AND METHODS 
Harvey County West Pond (38°4'29.2"N, 97°35'3.3"W) and Camp 
Hawk Pond (3T59'41.8"N, 97°21 '43. I "W) in Harvey County, Kansas, and 
KDOT West Pond (37°45'57.6"N, 97°19'29.6"W), KDOT East Pond 
(37°45'57.7"N, 97°19'11.6"W), and Chisholm Island Pond (37°44'19.6"N, 
97°15'49.3"W), Sedgwick County, Kansas, were the localities from which 
collections were taken (Fig. I). In August 2003, point-centered-quarter 
estimates of substrata types were made at 0.5 m and I m of depth at 30 
evenly spaced sites in each pond as a measure of habitat heterogeneity, 
recording the second nearest substratum type in each quadrant (Morisita, 
1957; Pollard, 1971). This variation of the point-quarter estimate has been 
shown by Monte Carlo simulation to be one of the best performing 
plotless density estimators (Engeman et aI., 1994). A total of 21 different 
substrata classes was used, based on the dominant substratum type (silt, 
clay, mud, sand, gravel, cobble, boulders, or combinations thereof) and 
the presence of vegetation, woody debris, and leaf litter. At each point 
where substratum was estimated, benthic invertebrates were sampled with 
0.5 m sweeps of a D-net. Benthic invertebrate samples were preserved 
onsite in 50% isopropanol, sorted in white enamel pans, and the isolated 
invertebrates identified to genus with the aid of a stereomicroscope. 
Substrata heterogeneity was used as an estimate of habitat heterogeneity 
available to benthic invertebrates. Benthic invertebrate diversity and 
substrate heterogeneity are components of the habitat heterogeneity 
available to fish species, and the diversity of both the invertebrate and fish 
species, as well as the substrate heterogeneity, constitute available habitat 
for the parasites of the hybrid fish. 
Construction dates were not accessible for the ponds utilized in this 
investigation, and so the number of years that the pond had been stocked 
by KDWP was used as an estimate of time allowed for colonization. 
Stocking pressure was estimated as the total number of fish individuals 
added to each pond according to KDWP records, and stocking richness 
was the total number offish species introduced to each pond, regardless of 
the number introduced. 
Fish were sampled at each site using an electrofishing boat during a 3-
wk period in August 2003. The abundances of non-target species of fish 
were recorded, and the fishes released on site. Hybrid bluegill X green 
sunfish were sampled because their aggressive nature, broad diet, and high 
growth rates (Brunson and Robinette, 1986; Hayward and Wang, 2002) 
should expose them to a large number of parasite species. Hybrid bluegill 
x green sunfish individuals were flash frozen in a mixture of dry ice and 
ethanol and transported on ice to a - 10 C freezer. Mass and standard 
length of thawed fishes was measured, and standard necropsy procedures 
were employed to examine the fish. Scales were removed from each 
individual to estimate fish age. Nematodes were fixed in 5% formalin, 
cleared in lactophenol, and examined in temporary glycerol mounts. All 
other helminths were fixed in AF A, preserved in 70% ethanol, stained with 
Semichon's acetic carmine, and mounted in Damar for identification. 
Correlations between host age, mass, and standard length were analyzed 
using Pearson's product-moment correlation analysis. With the exception 
of habitat "richness" (the number of habitat classes encountered at each 
locality), richnesses were rarified by individuals sampled (1000 iterations) 
to the smallest number of individuals sampled among the localities. 
Correlations between richness and diversity (Simpson's I-D) were 
examined using Spearman's rank correlation analysis. 
Infracommunity dissimilarities were calculated using the Bray-Curtis 
index, with parasite abundances standardized to unit maxima to provide 
equal weighting to all parasite species. Patterns of community similarity 
were generated by global nonmetric mutidimensional scaling (NMDS) 
using DECODA software (beta version 3.0). The tendency for parasite 
infracommunities to be more similar within a locality than among 
Harvey County 
West 
• 
Camp Hawk 
• 
HARVEY COUNTY 
50 km 
KDOTEast 
KDOTWest-
• Chisolm 
Island 
Pond 
SEDGWICK COUNTY 
FIGURE I. Map of Kansas showing the location of the 5 constructed 
ponds from which bluegill X green sunfish hybrids were collected. 
localities was tested using analysis of similarity (ANOSIM). The 
significance of R, the test statistic for ANOSIM, was evaluated through 
Monte Carlo simulation of the empirical distribution (10,000 iterations) 
with DECODA software using a null model of random allocation of 
infracommunities to host individuals. Covariation between ordination 
axes and measures of host size/age, host, habitat, and parasite diversity, 
stocking pressure, stocking richness, and pond area were analyzed by 
Monte Carlo simulation using DECODA software. Covariation between 
arcsine-transformed infracommunity dissimilarity and the geographic 
distances among localities was analyzed using Pearson's product-moment 
correlation analysis. 
As a test of passive sampling, nestedness of the 5 component 
communities was analyzed using 1,000 iterations each of fill-constrained, 
prevalence-constrained, and abundance-constrained models (Zelmer et aI., 
2004), with discrepancy (Brualdi and Sanderson, 1999) as a measure of 
order, using the DOS-based QBasic program "Passive" (available from 
the corresponding author). The fill-constrained model tests for departures 
from randomness (Patterson and Atmar, 1986), and the prevalence-
constrained and abundance-constrained models test whether departures 
from randomness could be the result of passive sampling; the former 
under the assumption that the occurrence of a parasite at a locality 
resulted from a single colonization event, and the latter under the 
assumption that each parasite individual represents a colonization event 
by the parasite, 2 ends of the continuum of possibilities (Zelmer et aI., 
2004). 
RESULTS 
The mean abundance of the parasites collected from the bluegill 
X green sunfish hybrids from the 5 manmade fishing ponds are 
listed in Table I, along with the surface area of the ponds and the 
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TABLE 1. Mean abundances (standard error in parentheses) of helminth parasites from Lepomis macrochirus X Lepomis cyanellus hybrids collected from 
5 manmade fishing ponds in Harvey and Sedgewick Counties in Kansas. 
KDOT East KDOT West Chisholm Island Camp Hawk Harvey County West 
4.0 ha n = 30 8.1 ha n = 30 1.6 ha n = 29 0.8 ha n = 30 6.1 ha n = 30 
Clinostomum complanatum (metacercaria) 0.03 (0.03) 
Posthodiplostomum minimum (metacercaria) 30.63 (13.27) 
Ornithodiplostomum sp. 3.87 (3.13) 
Phyllodistomum lohrenzi 0 
Proteocephalus sp. (plerocercoid) 0.23 (0.08) 
Hysterothylacium sp. (encysted juvenile) 0 
sample size of the hybrid fish. The most abundant species in all of 
the component communties were allogenic larval trematodes, with 
Posthodiplostomum minimum dominating all 5 communities. The 
parasite species occurring only in localities in which the hybrid 
sunfish had higher component community richness were auto-
genic trematode species (Phyllodistomum lohrezi and Hysterothy-
lacium spp.). 
Host mass (rp = 0.943; P < 0.0001) and age (rp = 0.899; P < 
0.0001) both covaried significantly with standard length, and the 
relationships did not appear to vary among sampling localities 
(Fig. 2). Thus, standard length was used as the measure of host 
size/age in the analysis of patterns of community similarity. Fish 
species richness (rs = 0.900; P = 0.0374), parasite richness (rs = 
0.900; P = 0.0374), and habitat "richness" (rs = 0.975; P = 
0.0048) all covaried significantly with their respective diversities 
(Fig. 3). Therefore, only richness was used as a measure of 
diversity for these variables in the analysis of patterns of 
community similarity, as no information would be gained by 
separate analyses of richness and diversity. Benthic invertebrate 
richness and diversity did not covary significantly (rs = 0.300; P 
= 0.6238 (Fig. 3), requiring the inclusion of both variables in the 
analysis of patterns of community similarity. 
NMDS ordination of the parasite infracommunities of the 
hybrid hosts is shown in Figure 4. There was significant clustering 
of infracommunities within the 5 localities (R = 0.321; P < 
0.0001). Habitat "richness" (r = 0.534; P < 0.0001), fish richness 
(r = 0.698; P < 0.0001), and benthic invertebrate richness (r = 
0.545; P < 0.0001) and diversity (r = 0.538; P < 0.0001) covaried 
positively with the first NMDS axis, whereas pond area (r = 
0.287; P = 0.009), stocking pressure (r = 0.456; P < 0.0001), and 
parasite richness (r = 0.687; P < 0.0001) covaried negatively with 
the first NMDS axis. Host standard length was negatively 
correlated with the second NMDS axis (r = 0.761; P < 0.0001). 
Stocking richness was positively correlated (r = 0.281; P = 0.009) 
with the third NMDS axis (not shown in Fig. 4). Infracommunity 
dissimilarities were not correlated with the geographical distance 
among the localities (r = -0.007; P = 0.498) or with the time 
available for colonization (r = 0.208; P = 0.109). 
In spite of the fact that the presence-absence matrix of the 5 
component communities had a discrepancy of zero, that is, perfect 
nestedness, the small size of the matrix and the high degree of fill 
(76.67%) led to acceptance of the null hypothesis of random 
sorting, as 56 perfect matrices were generated in 1,000 iterations 
of the fill-constrained model. Acceptance of the null model of 
random sorting precluded analyses utilizing the occurrence-
constrained and abundance-constrained null models. 
0.07 (0.05) 0.17 (0.17) 0.67 (0.27) 0.07 (0.05) 
39.57 (19.17) 270.72 (41.71) 86.77 (23.10) 119.17 (27.72) 
16.4 (3.62) 9.34 (3.94) 9.60 (2.53) 0.30 (0.15) 
0.37 (0.31) 0 0 0 
0.13 (0.06) 1.14 (0.55) 2.40 (1.44) 0.57 (0.25) 
0.20 (0.09) 0.10 (0.08) 0 0 
DISCUSSION 
The lack of correlation between richness and diversity observed 
for the benthic invertebrate communities indicates that differences 
in diversity were due primarily to differences in community 
evenness. Positive covariation between measures of richness and 
diversity for the fish communities and parasite component 
communities and between habitat richness and diversity did not 
allow the influences of richness and diversity to be separated for 
the observed associations with infracommunity similarity. 
Ordination of the parasite infrapopulations of the bluegill X 
green sunfish hybrids and the subsequent ANOSIM revealed a 
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FIGURE 2. Relationships between age, standard length, and mass for 
the bluegill X green sunfish hybrids collected from Harvey County West 
Pond (HCW) and Camp Hawk Pond (Hawk) in Harvey County, and 
KDOT West Pond (KDW), KDOT East Pond (KDE), and Chisholm 
Island Pond (Island) in Sedgwick County. (A) Relationship between 
standard length and mass. (B) Relationship between standard length 
and age. 
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communities of bluegill X green sunfish hybrids, and habitat data of the 5 
constructed ponds sampled for the present investigation. 
significant degree of within-pond infracommunity similarity. The 
patterns of infracommunity similarity covaried positively along 
the first ordination axis with fish, benthic invertebrate, and 
habitat richness and with benthic invertebrate diversity, but 
covaried negatively with parasite infracommunity richness, 
stocking pressure, and pond surface area. Thus, hybrids in 
smaller ponds were exposed to a greater degree of habitat 
heterogeneity, and a greater diversity of invertebrate and fish 
species, but tended to be parasitized by fewer species of helminths. 
The lack of correlation between geographical distance and 
infracommunity dissimilarity indicates that the patterns of 
similarity observed are not strongly influenced by spatial 
autocorrelation. 
Area effect is one possible explanation for the uncoupling of 
parasite richness from host and habitat diversity. Simberloff 
(1976) noted that predators and parasitoid wasps tended to be 
more susceptible to extinction with a reduction in area, explaining 
this apparent sensitivity to a reduction in prey population size 
from a thermodynamic perspective. Parasite suprapopulations, 
especially those that occur at low prevalences in intermediate 
hosts, have an analogous dependence on host population size, but 
this dependence is a matter of transmission success, and not one 
of energetics. 
In a probabilistic "best-case scenario," the minimum host 
abundance required to support a parasite population would be 
the reciprocal of the prevalence of that parasite. If one assumes 
transmission by mass action, prevalences would be expected to 
decline as host density decreased, thereby increasing the threshold 
host density, as would survival probabilities less than unity for the 
infective stages. Thus, it is likely that persistence of certain 
parasite species requires some threshold host density, which 
would exaggerate the effects of area on species persistence and, 
therefore, richness (MacArthur and Wilson, 1967; Simberloff, 
1976). 
Positive covariation with stocking pressure makes it equally 
likely that the increase in infracommunity richness in larger ponds 
occurs in spite of lower habitat and host diversity as the simple 
result of passive sampling (Connor and McCoy, 1979). The pond 
component communities exhibited perfect nestedness, with 
autogenic parasites occurring in addition to the "baseline" 
allogenic species in localities where the hybrid component 
communities exhibited higher parasite richness. However, the 
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FIGURE 4. Nonmetric multidimesional scaling of the Bray-Curtis 
infracommunity dissimilarities for the parasites from bluegill X green 
sunfish hybrids collected from Harvey County West Pond (HCW) and 
Camp Hawk Pond (Hawk) in Harvey County, and KDOT West Pond 
(KDW), KDOT East Pond (KDE), and Chisholm Island Pond (Island) in 
Sedgwick County. Arrows are vectors representing the direction of 
significant correlations for the variables listed. Vector length is propor-
tional to the strength of the correlation. 
small size of the presence-absence matrix (5 localities and only 6 
parasite species) and the high degree of fill (4 species found at all 
sites) precluded testing of the passive sampling hypothesis because 
random allocation of species by occurrence produced 56 perfectly 
nested matrices in 1,000 iterations. All of the ponds sampled for 
the present investigation were stocked by KDWP, using 
abundances that were a function of pond surface area. Thus, 
the possibility exists that the addition of larger numbers of fish to 
larger ponds would increase the likelihood of the transfer of 
parasites that might have occurred with low prevalence in the 
source ponds, or facilitate their "rescue" (sensu Brown and 
Kodric-Brown, 1977) in recipient ponds. Although it is not 
possible in the present investigation to distinguish between the 
effect of area per se, and the possibility of passive sampling, the 
counterintuitive disconnect between infracommunity richness and 
host/habitat heterogeneity demonstrated by these data does 
suggest that the determinants of parasite richness in aquatic 
systems might not be a facile reflection of the available host 
community. 
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DISTRIBUTION AND HABITAT UTILIZATION OF THE GOPHER TORTOISE TICK 
(AMBL YOMMA TUBERCULA TUM) IN SOUTHERN MISSISSIPPI 
Joshua R. Ennen and Carl P. Qualls* 
United States Geological Survey, Southwest Biological Science Center, c/o Northern Arizona University, Applied Research & Development 
Building, Suite 150, P,O, Box 5614, Flagstaff, Arizona 86011, e-mail: jennen@usgs.gov 
ABSTRACT: The distribution of the gopher tortoise tick (Amblyomma tubercula tum) has been considered intrinsically linked to the 
distribution of its primary host, gopher tortoises (Gopherus polyphemus). However, the presence of G, polyphemus does not always 
equate to the presence of A, tubercula tum. There is a paucity of data on the ecology, habitat preferences, and distribution of A. 
tuberculatum. The goals of this study were to assess the distribution of A, tubercula tum in southern Mississippi and to determine which, 
if any, habitat parameters explain the distribution pattern of A, tuberculatum. During 2006-2007, we examined 13 G. polyphemus 
populations in southern Mississippi for the presence of A, tuberculatum, and we measured a suite of habitat parameters at each site. 
Only 23% of the G. polyphemus populations supported A, tubercula tum, suggesting a more restricted distribution than its host. The 
results of our multivariate analyses identified several habitat variables, e.g., depth of sand and percentage of sand in the topsoil and 
burrow apron, as being important in discriminating between sites with, and without, A. tuberculatum. Amblyomma tubercula tum was 
only found at sites with a mean sand depth of> 100 cm and a mean percentage of topsoil and burrow apron sand composition >94.0 
and 92.4, respectively. Thus, environmental factors, and not just its host's range, seem to influence the distribution of A, tuberculatum. 
Because ticks are obligate parasites on vertebrate hosts, their 
distribution could be restricted by the specific habitat require-
ments of their hosts (Klompen et aI., 1996; Cumming, 1999). 
Gopher tortoise tick (Amblyomma tuberculatum) is found across 
the southeastern United States, but its range is intrinsically linked 
to that of its host, the gopher tortoise (Gopherus polyphemus) 
(Bishop and Trembley, 1945; Cooney and Hays, 1972). This 
observation is based on several studies reporting that adults and 
nymphs are primarily parasites of G. polyphemus, although there 
are several accounts of parasitism on other ectothermic (Hooker 
et aI., 1912; Bishop and Trembley, 1945; Goddard, 2002; Wells et 
aI., 2004; Goddard and Layton, 2006) and endothermic species 
(Bishop and Trembley, 1945; Cooney and Hays, 1972). Interest-
ingly, there is an obvious ontogenetic shift in host preference with 
the larvae stage feeding on numerous species (Hooker, 1908; 
Bishop and Trembley, 1945; Rogers, 1953; Cooney and Hays, 
1972; Wilson and Baker, 1972; Keirans and Durden, 1998; Wells 
et aI., 2004), suggesting that A. tubercula tum distribution could be 
influenced by other species besides G. polyphemus. 
Ambylomma tuberculatum's primary host, G. polyphemus, has 
experienced an overall population decline of approximately 80% 
throughout its range (Auffenberg and Franz, 1982). This 
population decline has been particularly pronounced in the 
western portion of its range, i.e., west of the Mobile River basin. 
The DeSoto National Forest (DNF) in Mississippi experienced a 
35.7% decline in G. polyphemus burrows (active and inactive) 
between 1995 and 2008 (Hammond, 2009). These population 
declines have been attributed to anthropogenic influences, e.g., 
habitat fragmentation, fire suppression, and overexploitation. 
Any declines in host populations could have adverse effects on 
host-specific tick species (Koh et aI., 2004; Miller et aI., 2007), 
such as A. tubercula tum distribution in Mississippi. However, 
comprehensive historic and contemporary distribution data on A. 
tuberculatum, especially in Mississippi, are lacking with most of 
the data, e.g., museum vouchers, concentrated in peninsular 
Florida (J. Ennen, pers. obs.), making it exceedingly difficult to 
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monitor population trends in the species. Tick distributions are 
generally subjected to additional habitat restrictions causing a 
smaller distribution than their host (Cumming, 1999). For 
example, not all G. polyphemus populations support A. tubercu-
latum in Florida (1. Ennen, pers. obs.). This may indicate that 
specific habitat requirements are needed for a viable A. 
tuberculatum population. 
Unfortunately, a paucity of information exists on the habitat 
preferences of A. tuberculatum. Most of what is reported is based 
on the habitat preference of its host. Because of this, the goals of 
the present study were to assess the distribution of A. 
tuberculatum in southern Mississippi and to determine which, if 
any, habitat parameters explain the variation in A. tubercula tum 
occurrence. 
MATERIALS AND METHODS 
Between 2006 and 2007, G, polyphemus populations at 13 sites in 9 
counties in southeastern Mississippi were sampled for the presence of A, 
tuberculatum (Fig. 1; Table I). Eight of these sites were in DNF lands, i.e., 
Long Road, Water Tower, Gopher Farm, Y Road, Camp Shelby, Little 
Florida, Crossroads, and McLaurin (Table I). The other 5 sites occurred 
on other public lands, i.e., Marion Wildlife Management Area, Wiggins' 
Airport, and Ward Bayou Wildlife Management Area, or private 
localities, i.e, Lynn's House and Escatawpa. At each site, adult G. 
polyphemus were captured using mammal traps (Model 18: 812.8 X 254 X 
304.8 mm, and 25 modified custom design: 711.2 X 355.6 X 279.4 mm 
manufactured by the Tomahawk Live Trap Company (Tomahawk, 
Wisconsin). Each captured G, polyphemus was thoroughly examined for 
the presence of A. tubercula tum. When A. tubercula tum were present, 
voucher specimens were collected and sent for identification to the U.S. 
National Tick Collection, Georgia Southern University, Statesboro, 
Georgia (vouchers RML 124082-124086). 
Concurrent with the trapping, habitat variables were collected at 10 of 
the 13 sites. The sampling regime was replicated 5 times at randomly 
selected G. polyphemus burrows. Habitat variables were as follows: basal 
area, canopy cover, vegetation characterization, presence of red imported 
fired ants (Solenopsis invicta), number of S. invicta mounds, burn 
frequency, presence of priority soil (USFWS, 2005), depth of sand, and 
soil composition of topsoil and burrow apron. Basal area was estimated 
using a Cruz-All basiometer (Model 59793, Forestry Suppliers, Jackson, 
Mississippi), and canopy cover was calculated using a spherical 
densiometer (Model-C, Forest Densiometers, Bartlesville, Oklahomal. 
The vegetation characterization was conducted by taking a quadrat (1 m ) 
and recording the percentage of the quadrat that contained the following 
cover types: bare soil, litter, wood vines, total herbaceous plants, and 
shrubs. This was replicated 4 times at each burrow by randomly throwing 
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FIGURE 1. Distribution of sample sites showing Amblyomma tubercu-
latum (triangles) localities and other sampled locations (circles) in 
southern Mississippi. 
the quadrat north, south, east, and west. Allen et al. (2004) demonstrated 
the negative impacts of S. invicta on wildlife populations and ecosystems. 
In consideration of this factor, we recorded presence and number of 
mounds within a 30-m-diameter of the burrow. Because Cully (1999) 
found lone star tick (Amblyomma americanum) populations were reduced 
by frequent burns, i.e., 1 yr, and unaffected by burns at 4 and 20 yr; a site 
was considered burned ifit had been burned within the past 3 yr. The U.S. 
Fish and Wildlife Service (USFWS) has categorized soils, i.e., priority, 
suitable, marginal, and unsuitable, to identify appropriate and potential G. 
polyphemus habitats (USFWS, 2005). Because the priority soil category is 
considered optimal for G. polyphemus, we recorded the presence of priority 
soil at each replicate. Depth of sand was estimated by boring a hole to the 
depth of the clay layer with an auger (Model 78333, AMS, American Falls, 
Idaho). Using Kettler et al. (2001) methodology, topsoil and burrow 
apron samples were analyzed for percentage of sand, clay, and silt. 
Relationships between tick presence and habitat variables were assessed 
using multivariate techniques. The raw habitat data were used in a 
principle component analysis (PCA) to visualize sites along habitat 
gradients, i.e., axes, in multidimensional space. Loading scores, i.e., Ixl > 
0.3, from the PCA were used to determine the relationship of each variable 
to PCA axes. Using I-tailed t-tests, we tested for significant differences 
between tick and nontick sites for each axis of importance by using each 
sites' specific axes scores. Statistical analyses were performed using R 
statistical software, version 2.8.0 (R Development Core Team, 2008). To 
determine whether a relationship exists between the number of G. 
polyphemus sampled at a given site and the presences of A. tubercula tum, 
a nominal regression analysis was conducted using JMP, version 8 (SAS 
Institute, Cary, North Carolina). 
RESULTS 
Only 3 of 13 (23%) G. polyphemus populations supported an A. 
tuberculatum population (Table I). Two of the 3 A. tubercula tum 
populations were located within the DNF. The size of the G. 
polyphemus samples had no significant relationship (R2 = 0.012, P 
= 0.74) with the presence of A. tubercula tum in Mississippi. 
Ammblyomma tuberculatum was only found at sites with a mean 
sand depth> 1 00 cm and a mean percentage of sand composition 
of the topsoil and burrow apron >94.0 and 92.4, respectively 
(Table I). The Little Florida site had comparable soil composi-
tions to the sites with A. tuberculatum but did not support a 
population. The first 2 axes of the PCA explained 63.3% of the 
variance. Interestingly, most of the variance in the first axis was 
explained by soil variables, i.e., percentage of sand, percentage of 
silt, and depth of sand, producing a soil gradient of clay to sand 
(Fig. 2; Table II). Vegetative variables, i.e., basal area, open 
canopy, litter, and herbaceous plants, explained most of variance 
of the second axis producing a gradient of open canopy to closed 
canopy (Fig. 2; Table II). The PCA produced 2 distinct assem-
blages, e.g., sites with, and without, A. tuberculatum, along the 
first axis (Fig. 2), but with some overlap due to a nontick site, e.g., 
Little Florida. However, even with some overlap, the assemblages 
were supported by the I-tailed t-test (t = 2.80, df = 16, P = 
0.013). Interestingly, the vegetative composition, i.e., axis II, seem 
not to be as critical as soil composition in differentiating between 
tick and nontick sites (t = -1.07, df = 16, P = 0.809). 
DISCUSSION 
Because tick species are obligate feeders on vertebrate hosts, 
tick distribution is confined to habitats conducive to their host(s) 
(Klompen et aI., 1996; Cumming, 1999). However, this has been 
contested by a meta-analysis on African ticks that found ticks 
generally have smaller distributions than their hosts (Cumming, 
1999), suggesting that distributions of ticks are also limited by 
specific habitat requirements of the tick (Cumming, 1999). Our 
distribution data showed congruent results, with A. tuberculatum 
exhibiting a more restricted distribution than G. polyphemus. For 
example, only 23% (this study) of the sampled G. polyphemus sites 
have A. tubercula tum in Mississippi. In the latter state, deep, well-
drained sandy soils were conducive for the presence of A. 
tubercula tum, whereas vegetative composition of a site had little 
influence on the distribution. Interestingly, G. polyphemus 
inhabits a wider range of soil composition, i.e., sand to clay, 
compared with A. tubercula tum. This disparity between habitat 
requirements could possibly explain the smaller distribution of A. 
tubercula tum compared with the distribution of G. polyphemus in 
Mississippi. However, even when soil requirements were satisfied, 
A. tuberculatum was not always present at a particular site, i.e., 
Little Florida (Table I), which could suggest that an important 
habitat variable was overlooked and not included in the analysis. 
Environmental and climatic factors may influence African tick 
distribution more than host distributions (Cumming, 1999). And, 
likewise, the egg stage of ticks has been shown to have the most 
restricted and specific microhabitat requirement of any stage in 
the life cycle (Norval, 1977), which could explain the smaller 
distribution of many tick species as well as A. tuberculatum. 
Interestingly, well-drained and shaded habitats with a layer of 
moist microhabitat are conducive for egg survival, whereas 
waterlogged soils seem to inhibit oviposition and egg development 
(Norval, 1977). Although sites with A. tuberculatum have well-
drained sandy soils conducive to egg survival, they were not, 
however, characterized by an abundance of aboveground, shaded 
TABLE 1. Global positioning system coordinates and mean percentage (±SD) of important physical and vegetative variables determined by the PCA loading scores for sites in southern 
Mississippi with (present) and without (absent) Amblyomma tuberculatum. 
% Sand % Silt % Clay Vegetation variables 
Coordinates Burrow Burrow Burrow % 
Site (NAD83) Topsoil apron Topsoil apron Topsoil apron Basal area Canopy % Litter % Woody Herbaceous % Shrubs 
Present 
Wiggins' 300 50.537'N, 95.5 ± 8.8 92.4 ± 5.4 2.9 ± 8.0 5.0 ± 5.2 1.6 ± 0.93 2.6 ± 0.97 0.20 ± 0.45 94.2 ± 1.9 18.8 ± 9.0 3.6 ± 5.4 67.8 ± 12.7 5.2 ± 4.2 
Airport -89°09.625'W 
Crossroads 300 57.402'N, 93.9 ± 4.0 94.8 ± 2.7 4.9 ± 3.6 3.3 ± 2.1 1.3 ± 0.71 1.9 ± 1.1 2.4 ± 1.5 59.2 ± 17.3 66.8 ± 14 4.1 ± 5.8 26.6 ± 5.4 66 ± 8.6 
-89°06.548'W 
Gopher 31°27.632'N, 95.7 ± 1.5 94.7 ± 3.6 3.7 ± 1.5 4.5 ± 3.2 0.6 ± 0.42 0.75 ± 0.51 2.5 ± 2.0 71.5 ± 16.4 73.8 ± 13.7 15.0 ± 8.7 28.3 ± 7.9 50 ± 18.9 
Farm -88°46.038'W 
Absent 
Marion 31°09.650'N, 62.6 ± 9.5 72.7 ± 7.4 34.0 ± 9.8 23.9 ± 7.9 3.4 ± 1.4 3.4 ± 2.0 4.6 ± 2.9 55.2 ± 18.1 23.1 ± 13.8 6.7 ± 5.1 45.3 ± 21.8 21.0 ± 16.8 
Wildlife -89°43.257'W 
Management 
Area 
Little Florida 30°40. 133'N, 96.1 ± 1.4 95.6 ± 2.0 2.9 ± 1.3 1.9 ± 0.8 1.0 ± 0.38 2.5 ± 2.0 3.8 ± 1.5 68.8 ± 8.33 79.8 ± 14.3 6.1 ± 6.4 16 ± 9.5 47.3 ± 17.4 
-89°05.400'W 
Camp Shelby 31°03.871'N, 74.5 ± 14.1 74.4 ± 17.1 24.2 ± 14.7 22 ± 16.6 1.3 ± 1.0 3.5 ± 1.1 4.0 ± 0.71 69.6 ± 7.1 33.6 ± 24.4 1.5 ± 3.4 45.8 ± 20.7 36.6 ± 17.0 
-89°07.751 'W 
Y Road 31°28.307'N, 78.7 ± 6.2 82.4 ± 9.14 19.1 ± 6.9 16.1 ± 9.6 2.2 ± 1.1 1.4 ± 0.96 5.8 ± 0.84 37.6 ± 7.4 62.5 ± 13.2 4.1 ± 7.6 30.3 ± 13.0 60.0 ± 12.8 
-88°44.101 'W 
Water Tower 31°30.899'N, 79.3 ± 8.8 83.5 ± 5.4 18.0 ± 8.0 14.9 ± 5.2 2.7 ± 0.93 1.6 ± 0.97 4.6 ± 4.6 65.9 ± 17.5 61 ± 27.3 12.9 ± 4.8 43.8 ± 22.3 54.8 ± 31.9 
-88°46.656'W 
McLaurin 31°08.996'N, 81 ± 2.4 85.7 ± 3.7 17.9 ± 2.9 12.7 ± 3.2 1.0 ± 1.0 1.6 ± 0.81 5.6 ± 2.8 60.8 ± ll.8 65.3 ± 15.5 12 ± 16.1 42.3 ± 7.9 63.8 ± 13.3 
-89°12.029'W 
Long Road 31°27.126'N, 80.8 ± 2.6 82.5 ± 4.1 16.3 ± 2.1 14.6 ± 4.1 2.9 ± 0.59 2.9 ± 0.44 4.0 ± 0.71 69.8 ± 8.9 26.5 ± 11.3 2.5 ± 3.5 28.6 ± 14.4 50.0 ± 13.4 
-88°56.884'W 
Escatawpa 300 36.219'N, NA NA NA NA NA NA NA NA NA NA NA NA 
-88°25.284'W 
Ward Bayou 300 32.905'N, NA NA NA NA NA NA NA NA NA NA NA NA 
Wildlife -88°38.544'W 
Management 
Area 
Lynn's House 300 39.551'N, NA NA NA NA NA NA NA NA NA NA NA NA 
-88°17.342'W 
* NA = environmental data was not collected. 
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FIGURE 2. PCA of sampled sites in multidimensional space with tick 
(dash-lined polygon) and nontick (solid-lined polygon) sites being 
differentiated along a soil gradient on axis 1. 
habitats that retain moisture. However, A. tuberculatum's host G. 
polyphemus is considered a habitat specialist restricted to the open 
canopy longleaf pine (Pinus palustris) savannah ecosystem, and 
the paucity of aboveground, shaded habitat has led to an adaptive 
behavior of excavating subterranean burrows to escape thermal 
stress. These burrows could potentially provide A. tuberculatum 
an ideal habitat with shade and humidity for oviposition, egg 
development, and escape from water stress. Alternatively, the sites 
without A. tubercula tum showed higher levels of silt, which has 
water-retaining properties, than sites with A. tuberculatum. These 
sites could retain superfluous amounts of moisture for extended 
periods, which potentially decrease egg survival, thereby limiting 
the distribution of A. tuberculatum. However, these hypotheses 
have not been vigorously tested and warrant further investigation. 
There could be other potential explanations for the presence or 
absence of A. tubercula tum at particular sites that could have 
confounded our conclusions. For example, A. tubercula tum could 
be negatively influenced by low density of G. polyphemus at a 
particular site. Although this pattern has been shown in another 
tick species (Ghirotti and Mwanauma, 1989), we found no 
relationship between sample size of G. polyphemus and A. 
tuberculatum presence. Alternatively, there is a possibility of 
external parasites going unnoticed on their host (Peter et aI., 
2000), so the absence of A. tuberculatum at a given site (Little 
Florida) could be attributed to sampling error. This situation was 
probably unlikely in this study because every tortoise was checked 
thoroughly while collecting blood samples. Other species also may 
playa role in A. tuberculatum distribution. For example, there 
have been numerous reports documenting infestation of small 
mammals by A. tubercula tum larval stages (Hooker, 1908; Bishop 
and Trembley, 1945; Rogers, 1953; Cooney and Hays, 1972; 
Wilson and Baker, 1972; Keirans and Durden, 1998; Wells et aI., 
2004), suggesting that small mammals and other vertebrates are 
important for the survival of this life stage and could influence 
population dynamics and distribution of A. tuberculatum. 
Although S. invicta and fire were not important in the 
ordination, the variables have interesting implications in conser-
vation and demography of other tick species. Since their 
introduction, S. invicta have had negative impacts on ecosystems, 
TABLE II. PCA loading scores of all habitat variables from 10 sites in 
southern Mississippi. The first two axes of the PCA explain 63.3% of 
habitat variance. Percentages within the parentheses represent variance 
explained by each axes, and bold numbers indicate important axis loading 
scores for each habitat variable. 
Variables Axis 1 (41.8%) Axis 2 (21.5%) 
BA -0.152 0.445 
CANOPY 0.107 -0.384 
APSAND 0.352 ~0.073 
APSILT -0.346 0.109 
APCLAY -0.238 -0.267 
TOPSAND 0.347 -0.136 
TOPSILT -0.343 0.147 
TOPCLAY -0.283 -0.034 
PRIORITY 0.227 -0.088 
ANTS -0.191 -0.147 
MOUNDS -0.112 -0.09 
DEPTH SAND 0.313 -0.194 
BURN 0.007 0.087 
BARE -0.143 -0.148 
LITTER 0.26 0.334 
WOODY 0.139 0.243 
HERB -0.162 -0.296 
SHRUBS 0.212 0.4 
wildlife (Allen et aI., 2004), and, in particular, tick species (Burn 
and Melancon, 1977). Although our study did not find the 
presence or abundance of mounds important, the potential 
interaction between A. tubercula tum and S. invicta, as seen in 
other tick species (Burn and Melancon, 1977), could explain the 
restricted distribution of A. tuberculatum within Mississippi. In 
the latter state, S. invicta seem to prefer more mesic over xeric 
sites, i.e., sandy conditions (T. Mann, pers. comm.). Because A. 
tubercula tum was only found in xeric, well-drained sandy soils, the 
infiltration and establishment of S. invicta populations at sites 
with mesic soils could have eliminated A. tubercula tum from these 
habitats before the present study was conducted. If this is the case, 
then the fundamental niche of A. tuberculatum could include more 
mesic conditions, thus making their habitat requirements less 
restrictive and distribution very similar to G. polyphemus in 
southern Mississippi. 
The influence of fire on tick populations has been variously 
reported in the literature (Hoch et aI., 1972; Trollip, 1980; Scifres 
et aI., 1988; Cully, 1999), with the majority suggesting a negative 
relationship. For example, fires have been shown to reduce Gulf 
Coast tick (Amblyomma macula tum) populations, with mortality 
ranging from 78 to 100%, and the surviving individuals probably 
finding refugia in unburned vegetation (Scifres et aI., 1988). 
Conversely, fire did not influence our ordination, but we did not 
directly assess mortality after a fire. Similar to our hypothesis on 
ovipositioning and egg development, A. tubercula tum probably 
uses G. polyphemus burrows to escape fire, and burrows are 
probably more resistant and resilient refugia than vegetation used 
by negatively impacted tick species. Alternatively, the xeric, sandy 
environments preferred by A. tubercula tum support less herba-
ceous and understory plants, and subsequently provide low fuel to 
propagate fires. Fires in these xeric sandy environments poten-
tially could be patchy and less intense, leaving numerous 
vegetative refugia unaffected by the fires and thereby supporting 
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A. tubercula tum populations. However, to clearly understand the 
relationship between S. invicta and fire on the distribution of A. 
tubercula tum, further investigation of these interactions is 
warranted. 
The demography and distribution of host-specific tick species 
have been shown to be sensitive to host declines (Koh et aI., 2004); 
so, intuitively, conservation efforts for the host species should 
subsequently provide protection for the host-specific tick. 
However, the consensus for tick distributions is that they are 
more limited than their hosts (Cumming, 1999; Miller et aI., 
2007), suggesting host conservation is not necessarily appropriate 
tick conservation due to the habitat-specific requirements of the 
tick. In the case of A. tubercula tum, its host G. polyphemus has 
been relocated more than any other reptile or amphibian (Dodd 
and Seigel, 1991); and with a more specific habitat requirement 
than G. polyphemus, A. tubercula tum could be relocated in 
unsuitable environments. Because of the previously mentioned 
population reductions, proclivity for relocations of G. polyphemus 
(Auffenberg and Franz, 1982; Hammond, 2009), and the low 
relative abundance of A. tubercula tum in Mississippi (Bishop and 
Trembley, 1945), A. tubercula tum has an ominous future within 
the state and probably the entire range. 
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DESCRIPTION OF ADULTS AND NYMPH, AND REDESCRIPTION OF THE LARVA, OF 
ORNITHODOROS MARINKELLEI (ACARI: ARGASIDAE), WITH DATA ON ITS 
PHYLOGENETIC POSITION 
Marcelo B. Labruna, Santiago Nava*, Flavio A. Terassinit, Valeria C. Onofrio:j:, Darci M. Barros-Battesti:j:, 
Luis Marcelo A. Camargot, and Jose Manuel Venzal§ 
Departamento de Medicina Veterinaria Preventiva e Saude Animal, Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sao Paulo, 
Avenida Prof. Orlando Marques de Paiva, 87, Cidade Universitaria, Sao Paulo, SP, Brazil 05508-270. e-mail: labruna@usp.br 
ABSTRACT: The argasid tick Ornithodoros marinkellei Kohls, Clifford, and Jones, 1969 was described 4 decades ago based on larval 
specimens collected from bats (Pteronotus spp.) in Colombia and Panama. Thereafter, larval O. marinkellei parasitizing bats were 
reported from Venezuela, Guyana, and Brazil. Herein, we describe the adults and nymph, and redescribe the larva of 0. marinkellei 
based on specimens recently collected in the western Brazilian Amazon region. In contrast to all other known adult argasids, the 
idiosoma of both males and females of O. marinkellei is covered with sclerotized plaques. The idiosoma of the nymph of 0. marinkellei 
is entirely micromamillated, and differs from the adults by the absence of plaques. The larva of 0. marinkellei is morphologically 
similar to the larvae of the 2 other species belonging to the subgenus Subparmatus, i.e" Ornithodoros viguerasi Cooley and Kohls, 1941 
and Ornithodoros mormoops Kohls, Clifford, and Jones, 1969. Because of the long and narrow dorsal plate, the larva of 0, marinkellei 
is readily distinguished from 0. viguerasi and 0. mormoops, Comparison of our larvae from Brazil with O. marinkellei paratype 
specimens from Colombia confirmed their taxonomic identification. However, a few morphological differences, particularly in the size 
of the gnathosoma, were observed, Further studies are necessary to clarify whether 0. marinkellei is a complex of different species, or a 
single species represented by morphologically polymorphic, and geographically distinct populations. Partial mitochondrial16S rDNA 
gene sequences were generated for 0. marinkellei specimens from Brazil, and compared with available homologous sequences in 
GenBank, Phylogenetic analyses revealed O. marinkellei to be distinct from the remaining argasid species available in GenBank, 
including other bat-associated tick species that are found in sympatry with 0. marinkellei in the Neotropical region. 
The argasid tick Ornithodoros marinkellei Kohls, Clifford, and 
Jones, 1969 was described based on 118 larvae collected from 
Pteronotus personatus (Wagner, 1843), Pteronotus parnellii (Gray, 
1843), and Pteronotus suapurensis Allen, 1904 (an alleged 
synonym of Pteronotus gymnonotus Natterer, 1843) in Colombia 
and Panama (Kohls et aI., 1969). Subsequently, additional larvae 
were found to parasitize Pteronotus psi/otis (Dobson, 1878) (an 
alleged synonym of p, personatus) in Venezuela (Jones et aI., 
1972). More recently, the presence of 0. marinkellei was reported 
from Guyana (Guglielmone et aI., 2003) and Brazil (Venzal et aI., 
2006). All known collections of 0. marinkellei contained larval 
specimens only, and the nymphs and the adults of the species 
remained unknown. 
In its original description, O. marinkellei was classified within 
the subgenus Subparmatus, created in 1964 for Ornithodoros 
viguerasi Cooley and Kohls, 1941. Ornithodoros viguerasi has been 
reported parasitizing bats in Mexico, Costa Rica, Cuba, Jamaica, 
Haiti, Dominican Republic, Puerto Rico, Trinidad & Tobago, 
and Venezuela (Clifford et aI., 1964; Kohls et aI., 1969; 
Guglielmone et aI., 2003). Subsequently, Ornithodoros mormoops 
Kohls, Clifford, and Jones, 1969, a bat parasite in Cura~ao, was 
described as the third species belonging to the subgenus 
Subparmatus (Kohls et aI., 1969). The main diagnostic characters 
considered by Clifford et al. (1964) to be diagnostic for the 
subgenus were the presence of sclerotized ventral plaques in adults 
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(at least for 0. viguerasi) , and the presence of cornua and 
auricula-like projections in larvae. However, because neither O. 
marinkellei nor O. mormoops adults were known, it was 
impossible to establish whether or not sclerotized plaques were 
a morphological feature shared by all species of the subgenus. 
Herein, we describe the adults and nymph, and redescribe the 
larva, of O. marinkellei based on specimens recently collected in 
the western Brazilian Amazon. We also analyzed phylogenetically 
the 16S rDNA gene sequences of argasids in order to investigate 
the systematic relationships of O. marinkellei with other 
Neotropical soft tick species. Throughout the manuscript, argasid 
nomenclature followed Guglielmone et al. (2010). 
MATERIALS AND METHODS 
Adult ticks were collected from April 2007 to May 2009 in a cave within 
the Porto Velho Municipality (08°40'43"S, 63°51'05"W), state of 
Rondonia, western Amazon, northern Brazil. The ticks were spotted 
while they were crawling over the walls and ceiling of the cave and were 
collected. The cave structure is such that it creates a specific hot and 
humid ecosystem, which is constant throughout the year, with internal air 
temperature and relative humidity ranging from 33 to 38 C and 91 to 93%, 
respectively, whereas the midday temperature outside the cave usually 
varies from 25 to 27 C. In addition, the atmosphere in the cave was 
noisome and rich in nitrogen compounds. The guano inside the cave was 
abundant (approximately 10--30 cm in depth), moist, and sticky. Adult 
ticks were immediately fixed in 70% ethanol, and taken to the laboratory 
for further examination. Adult ticks of the following argasid species were 
recently reported from the same cave: Antricola guglielmonei Estrada-
Pena, Barros-Battesti and Venzal, 2004, Antricola delacruzi Estrada-Pena, 
Barros-Battesti and Venzal, 2004, Ornithodoros rondoniensis (Labruna, 
Terassini, Camargo, Brandao, Ribeiro, and Estrada-Pena, 2008), and 
Nothoaspis amazoniensis Nava, Venzal and Labruna, 2010 (Labruna et aI., 
2008; Nava et aI., 2010). 
On 26 January and 30 May 2009, and 25 January 2010, bats leaving the 
cave between 1900 and 2200 hr were collected with the use of mist nets. 
Each captured bat was identified to species, examined for tick infestation, 
and immediately released at the collection site. Collected ticks were fixed 
in 70% ethanol and taken to the laboratory for further examination, with 
the exception of 7 engorged larvae collected on 30 May 2009, which were 
removed alive from the bats and immediately placed inside stainless wire 
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TABLE L Comparative measurements of larvae of Ornithodoros marinkellei from Colombia and O. marinkellei from Brazil. Measurements are 
in millimeters. Abbreviation: PMS = post-median setae. 
Body length* 
Body lengtht 
Body width 
Dorsal plate: length 
Dorsal plate: width 
Dorsal setae (pairs): total 
Dorsal setae (pairs): dorsolateral 
Dorsal setae (pairs): central 
Dorsal anteroraletal setae: All 
Dorsal anteroraletal setae: AI2 
Dorsal anteroraletal setae: Al3 
Dorsal anteroraletal setae: AI4 
Dorsal anteroraletal setae: Als 
Dorsal anteroraletal setae: AI6 
Dorsal anteroraletal setae: AI? 
Dorsal posterolateral setae: PI I 
Dorsal posterolateral setae: PI2 
Dorsal posterolateral setae: PI3 
Central setae: C I 
Central setae: C2 
Central setae: C3 
Ventral setae (pairs): total 
Sternal setae: Stl 
Sternal setae: St2 
Sternal setae: St3 
Postcoxal setae: Pc 
Circumanal setae: Cal 
Circumanal setae: Ca2 
Circumanal setae: Ca3 
Circumanal setae: C~ 
Length of basis capituli II 
Length of basis capituli# 
Length of basis capituli~ 
Width of basis capituli 
Auricula-like projections: length 
Auricula-like projections: width 
Posthypostomal setae Phi 
Posthypostomal setae Ph2 
Distance of Phi 
Distance of Ph2 
Palpal length 
Length article I 
Length article II 
Length article III 
Length article IV 
Setae of palpal article I 
Setae of palpal article II 
Setae of palpal article III 
Setae of palpal article IV 
Hypostome: length** 
Hypostome: lengthtt 
Hypostome: width 
Apex 
Apical dental formula 
Median dental formula 
Basal dental formula 
Denticles in hypostomal row I 
Denticles in hypostomal row 2 
Tarsus I: length 
Tarsus I: width 
Capsule of Haller's organ 
0. marinkellei Colombia 
NDt 
ND 
ND 
0.337 (0.342-0.332) 
0.095 
13 
10 
3 
0.035 (0.036-0.033) 
0.027 (0.029-0.026) 
0.032 (0.033-0.031) 
0.059 (0.060-0.057) 
0.057 (0.060-0.055) 
0.065 (0.067-0.062) 
0.066 (0.067-0.065) 
0.037 (0.038-0.036) 
ND 
ND 
0.035 (0.036-0.033) 
ND 
ND 
ND§ 
0.043 
0.036 
0.033 
0.021 
0.037 (0.038-0.036) 
0.054 (0.055-0.053) 
0.D78 (0.081-0.072) 
ND 
0.175 
0.198 (0.204-0.192) 
0.427 
0.206 (0.209-0.204) 
0.054 (0.053-0.048) 
0.027 (0.031-0.024) 
ND 
0.019 
ND 
0.079 
0.271 (0.275-0.266) 
0.065 
0.095 (0.096-0.093) 
0.089 (0.091-0.086) 
0.037 (0.038-0.036) 
o 
4 
5 
9 
0.285 
0.247 
0.084 
Pointed 
2/2 
2/2 
2/2 
20 
20 
0.234 (0.235-0.233) 
0.071 (0.74-0.67) 
Without reticulations 
O. marinkellei Brazil 
1.350 (1.520-1.175) 
0.745 (1.045-0.534) 
0.653 (0.902-0.399) 
0.426 (0.470-0.399) 
0.114 (0.133-0.095) 
13 
10 
3 
0.043 (0.048-0.036) 
0.034 (0.036-0.029) 
0.033 (0.038-0.029) 
0.055 (0.062-0.048) 
0.061 (0.065-0.053) 
0.063 (0.078-0.055) 
0.071 (0.079-0.062) 
0.035 (0.041-0.031) 
0.034 (0.036-0.031) 
0.031 (0.036-0.026) 
0.047 (0.053-0.043) 
0.047 (0.050-0.043) 
0.037 (0.043-0.029) 
8 + 1 anal, PMS absent 
0.040 (0.045-0.031) 
0.041 (0.048-0.033) 
0.036 (0.038-0.033) 
0.019 (0.024-0.014) 
0.036 (0.043-0.031) 
0.052 (0.072-0.041) 
0.058 (0.065-0.053) 
0.028 (0.033-0.024) 
0.206 (0.216-0.192) 
0.229 (0.235-0.216) 
0.533 (0.541-0.522) 
0.238 (0.242-0.230) 
0.056 (0.072-0.050) 
0.030 (0.033-0.026) 
0.019 (0.026-0.014) 
0.024 (0.026-0.021) 
0.038 (0.045-0.036) 
0.084 (0.089-0.077) 
0.343 (0.370-0.323) 
0.074 (0.084-0.065) 
0.118 (0.120-0.115) 
0.115 (0.122-0.110) 
0.042 (0.048-0.038) 
o 
4 
5 
9 
0.346 (0.361-0.332) 
0.312 (0.323-0.304) 
0.089 (0.096-0.074) 
Pointed 
2/2 
2/2 
2/2 
21 
20 to 21 
0.250 (0.264-0.240) 
0.082 (0.091-0.070) 
Without reticulations 
TABLE I. Continued. 
• Including capitulum. 
t ND: not determined. 
t Not including capitulum. 
§ Difficult determination. 
II Length of basis capituli to Ph I. 
# Length of basis capituli to insertion of hypostome. 
'\I Length of basis capituli to final hypostome . 
•• Measured to point to PhI' 
tt Measured to point of insertion of hypostome in basis capituli. 
fine-meshed cylindrical tubes (60 mesh/cm2; 61 mm long X 17 mm 
diameter), stopped with rubber corks, and placed horizontally inside 
cracks of the cave ceiling. Four weeks later, when the cylinders were 
removed from the cave, the engorged larvae had molted to nymphs. The 
tube contents were also preserved in 70% ethanol. 
Adult ticks were measured with the use of a Leica MZI2 stereomicro-
scope. The measurements, i.e., range and mean standard deviation, are 
given in millimeters and shown in parentheses. Two specimens of each sex 
were prepared for scanning electron microscopy as previously described 
(Barros-Battesti et aI., 2007). Only 2 nymphs (molted from engorged 
larvae) were recovered undamaged from the tubes left in the caves. They 
were measured as for the adults. Larvae were mounted in Hoyer's medium 
to make semipermanent slides and examined by light microscopy for 
morphological analyses and morphometry. The larval terminology and 
measurements follow Sonenshine (1962) and Kohls et al. (1965), with the 
modifications proposed by Venzal et al. (2008) and Nava et al. (2010). 
Seven larvae were prepared for scanning electron microscopy as previously 
described (Nava et a\., 2009). Two larvae (paratypes 2 and 4) of O. 
marinkellei collected from P. personatus in Colombia deposited at the 
United States National Tick Collection (USNTC, Georgia Southern 
University, Statesboro, Georgia) were available for comparison with our 
larval specimens. The USNTC accession numbers for these paratypes are 
RML47294 and RML47300. 
Representative specimens of the collected larvae and adult ticks were 
prepared for molecular analysis. For this purpose, DNA was individually 
extracted from 2 adult males and 7 larvae, and processed by polymerase 
chain reaction (PCR) with the use of primers targeting a =460--base-pair 
(bp) fragment of the 16S rDNA mitochondrial gene, as previously 
described (Mangold et aI., 1998). PCR products of the expected size were 
sequenced in an ABI automated sequencer (Applied Biosystems/Perkin 
Elmer, Model ABI Prism 310 Genetic, Foster City, California) with the 
same primers used for PCR. To infer the phylogenetic position of o. 
marinkellei, a consensus sequence was aligned with other sequences of 
Neotropical argasid species of the Ornithodorinae available in GenBank 
with the program Clustal W (Thompson et aI., 1994), and edited with the 
use of BioEdit Sequence Alignment Editor (Hall, 1999). Additionally, the 
16S sequence of an Argas vespertilionis (Latreille, 1796) collected from a 
cave near Varese, in Italy (RML 124487), was included (GenBank 
HM751841). A neighbor-joining tree (NJ) was generated from the 
Tamura-Nei model, and a maximum parsimony analysis (MP) was made 
with the use of the heuristic search procedure, with close neighbor 
interchange (CNI) at search level 3 in which the initial trees were obtained 
with the random addition of taxa (10 replicates). In both NJ and MP 
analyses, gaps were excluded and branch supports were assessed with the 
use of bootstrap analysis with 1,000 replications. 
Representative specimens of the ticks collected in the present study have 
been deposited in the following tick collections: Cole«;ao Nacional de 
Carrapatos, Faculty of Veterinary Medicine, University of Sao Paulo, 
Brazil (CNC); Acari Collection of the Instituto Butantan, Sao Paulo, 
Brazil (IBSP), and Department of Veterinary Parasitology, Faculty of 
Veterinary, Saito, Uruguay (DPVURU). 
RESULTS 
Twenty-two adult ticks were collected in the cave, 2 females on 
11 April 2007, 5 males and 6 females on 19 October 2007, 1 male 
and I female on 25 October 2008, 1 female on 26 January 2009, 
and 1 male and 5 females on the 30 May 2009. After examining 
current literature, these ticks were considered morphologically 
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distinct from any other previously described adult argasid. For 
this reason, they were regarded as belonging to an unidentifiable, 
or new, species, until we analyzed the larvae. 
On 26 January 2009, a total of 49 bats were randomly collected 
and carefully examined for ticks with the use of a stereoscope 
microscope. The bats included specimens from 3 different species 
(P. gymnonotus, P. personatus, P. parnellii), which presented the 
following infestation frequencies by Ornithodoros larvae: P. 
gymnonotus-63% (22/35), P. personatus-25% (3/12), and P. 
parnellii-50% (1/2). On 30 May 2009, and on 25 January 2010, 
we carefully examined bats showing visible evidence of larval tick 
infestation while still on the mist nets, i.e., bats with no ticks 
visible by the naked eye were immediately released without 
further examination. Therefore, infestation prevalence is not 
available for animals trapped in May 2009 and January 2010. 
Ornithodoros spp. larvae were collected from 26 bats on 26 
January 2009, from 10 bats on 30 May 2009, and 14 bats on 25 
January 2010. Some of these bats were also infested with Antricola 
sp. larvae, which are still being analyzed and will be presented in a 
further study. All Ornithodoros spp. larvae collected from the 3 
bat species were morphologically identified as O. marinkellei 
(Table I), according to Kohls et al. (1969) and Jones and Clifford 
(1972). Although all 0. marinkellei larvae were found attached to 
fur-coated parts of the bat bodies (the ventral and lateral sides, 
and the heads), all Antricola sp. larvae were found attached to the 
naked skin of the wings. 
PCR products were amplified and DNA sequenced from 2 
adult males and 7 O. marinkellei larvae. The sequences were 
subdivided in 2 sets of identical sequences, the first haplotype 
corresponding to 1 male and 5 larvae, and the second haplotype 
to 1 male and the remaining 2 larvae. The 2, 426-bp-Iong 
haplotypes only differed by a single nucleotide substitution, and 
were deposited in GenBank under the accession numbers 
HM582438 and HM582439. The results showed that the analyzed 
adult and larval specimens were con specific and all belonged to 
the species 0. marinkellei, thus allowing us to describe for the first 
time the adults and redescribe the larvae of this species. 
From 9 engorged larvae left in the cave for the molting 
experiment, we only obtained 3 nymphs, 2 in an advanced state of 
decomposition and 1 extensively damaged. Because of these 
limitations, we provide only a partial description of the nymph, 
based on the external structures that could still be identified with 
certainty. 
DESCRIPTION 
Ornithodoros marinkellei Kohls, Clifford, and Jones, 1969 
(Figs. 1,2) 
Dorsal (male): Outline elliptical, broadest at level of leg III. Length 
from anterior to posterior body margin 2.40-2.47 (2.44 ± 0.04), breadth 
1.32-1.37 (1.35 ± 0.03). Entire idiosoma devoid of mammillae, covered by 
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smooth sclerotized plaque presenting 2 long and parallel deep grooves 
extending from anterior to posterior margin (Fig. IA). Grooves narrower 
in anterior third of body, very broad in other two-thirds; increasingly 
broad toward posterior extremities, with progressively converging internal 
margins. In posterior portion, grooves subdivided ending at posterior 
margin. Small-sized punctations, some containing fine seta, evenly 
distributed through dorsal surface. 
Lateral (male): Devoid of mammillae. With deep and continuous 
lateral groove separating dorsal and ventral surfaces (Fig. 2A). Spiracular 
plates proportionally very large, located above lateral groove at level of 
coxa IV, elliptical (length 0.30-0.33 [0.31 ± 0.01], width 0.11-0.13 [0.12 ± 
0.01]); dorsal margin visible from above, with numerous small goblets; 
macula located on medio-ventral margin. Presence of posteriorly directed 
tuft of several strong setae inside lateral groove, at level of spiracular plate 
(Fig.2B). 
Ventral (male): Devoid of mammillae, covered by various medium-
sized sclerotized plaques separated by deep grooves (Fig. IB). Small-sized 
punctations, some containing fine seta, evenly distributed through 
plaques. Genital opening rectangular with rounded angles, located at 
level of coxa I (Fig. ID). Anus circular. Anterior end of idiosoma with 
flap-like plaque projecting from dorsal idiosoma, and protecting 
gnathosoma anteriorly. Capitulum in well-developed camerostome; cheeks 
indistinct. 
Capitulum (male): Basis capituli smooth as ventral plaques, slightly 
wider than longer, rounded laterally, with 2 pairs of ventral setae. 
Hypostome small, rounded apically at level of suture between palpal 
articles I and II, dentition 212. Palpi rounded laterally; article I with large 
ventro-medial integumental ridge-like extension, covering hypostome 
almost entirely (Fig. IG, H). 
Legs (male): Long with smooth surface, sparsely setose. All coxae 
contiguous, decreasing in size from I to IV, without spurs. Small 
triangular pointed medial spur on trochanters I-IV. All tarsi with claws, 
lacking dorsal humps. Anterior tip of Haller's organ with distinct anterior 
and posterior sections; opening of capsule transverse, slit-like, with small 
granulated area lateral to capsule (Fig. 2C). Tarsus I 0.43-0.47 (0.45 ± 
0.02) long, Tarsus IV 0.47-0.50 (0.48 ± 0.02) long. 
Dorsal (female): Length from anterior to posterior body margin 2.42-
2.57 (2.53 ± 0.06), breadth 1.35-1.45 (1.39 ± 0.04). Other features as in 
males (Fig. IF). 
Lateral (female): Spiracular plates proportionally very large, located 
above lateral groove at level of coxa IV, elliptical (length 0.3 -0.35 [0.33 ± 
0.01], width 0.09-0.13 [0.11 ± 0.02]). Other features as in males. 
Ventral (female): Genital opening transverse, broad V shaped, situated 
at level of coxae II (Fig. IC). Integument on lateral sides of genital 
opening with several minute folds (Fig. IE). Other features as in males. 
Capitulum (female): As in males (Fig. IG, H). 
Legs (female): Tarsus I 0.45-0.50 (0.48 ± 0.02) long, Tarsus IV 0.42-
0.45 (0.44 ± 0.01) long. Other features as in males. 
Nymph 
Dorsal: Outline elliptical, broadest at level of spiracular plates. Length 
from anterior to posterior body margin 2.50--2.59 (2.55 ± 0.07), breadth 
1.36-1.51 (1.44 ± 0.11). Entire idiosoma micromammillated, with 
numerous integumental ridge-like or tubercle-like elevations. Two long 
and parallel deep grooves extending from anterior to near-posterior 
margin. 
Lateral: Micromammillated. Deep lateral groove extending from 
anterior end of idiosoma to level of anus. Spiracular plates located above 
lateral groove at level of coxa IV, elliptical (length 0.17-0.21 [0.18 ± 0.03], 
width 0.09-0.11 [0.10 ± 0.10]); dorsal margin visible from above, with 
numerous small goblets; macula located on medio-ventral margin. 
Ventral: Entire idiosoma micromammillated, without elevations in 
integument. Distinct median and transverse postanal grooves; coxal folds 
extending from coxa I to posterolateral end, where they diverge; transverse 
preanal groove straight. Anus circular. Anterior end of idiosoma with 
flap-like projected extension of dorsal idiosoma protecting gnathosoma 
anteriorly; capitulum in well-developed camerostome; cheeks indistinct. 
Capitulum: Short, not visible dorsally. Basis capituli slightly wider than 
longer, rounded laterally. Hypostome not visible, possibly because of 
damage to both samples. Palpi rounded laterally, with large ventro-medial 
integumental ridge-like extension on article 1. 
Legs: With micromamillated surface, especially on anterior segments; 
sparsely setose. All coxae contiguous, decreasing in size from I to IV, 
without spurs. Tarsi with claws, lacking dorsal humps. Haller's organ not 
observed. Tarsus I not available; Tarsus IV 0.30-0.34 (0.32 ± 0.02) long, 
0.09-0.10 (0.09 ± 0.003) broad. 
Larva (Fig. 3) 
Based on slightly engorged specimens. Length, including capitulum 
1.52-1.17 (1.35); length not including capitulum 1.04-0.54 (0.74); width 
0.902-0.399 (0.653). 
Dorsum: Dorsal plate long and narrow, triangular, surface smooth, 
posterior margin slightly concave (Fig. 3C-E), length 0.470-0.399 (0.426 
± 0.02), width 0.133-0.095 (0.114 ± 0.01). Dorsum with 13 pairs of setae, 
7 anterolateral, 3 central, and 3 posterolateral, 3 first anterolateral setae 
(AI) short and thick: AI] length 0.048-0.036 (0.043 ± 0.004), width 0.07; 
Alz length 0.036-0.029 (0.034 ± 0.002), width 0.07; Al31ength 0.038-0.029 
(0.033 ± 0.003), width 0.07, anterolateral setae 4 to 7 long and thin; A4 
length 0.062-0.048 (0.055 ± 0.005), width 0.048; Als length 0.065-0.053 
(0.061 ± 0.004), width 0.048; AI6 length 0.078-0.055 (0.063 ± 0.008), 
width 0.048; and AI7 length 0.079-0.062 (0.071 ± 0.005), width 0.048. 
Central setae (C) small and thin: C] length 0.041-0.031 (0.035 ± 0.003), 
width 0.036; C21ength 0.050--0.043 (0.047 ± 0.002), width 0.036; C3 length 
0.043-0.029 (0.037 ± 0.004), width 0.036. Posterolateral setae (PI): PI] 
length 0.041-0.031 (0.035 ± 0.003), width 0.036,; PI2 length 0.036-0.031 
(0.034 ± 0.001), width 0.036; PI31ength 0.036-0.026 (0.031 ± 0.003), width 
0.036. 
Venter: Venter with 8 pairs of setae plus pair on anal valves; postero-
median setae (Pm) absent; 3 pairs of sternal setae (St): St] length 0.045-
0.031 (0.040 ± 0.005), St2 length 0.048-0.033 (0.041 ± 0.005), St3 length 
0.038-0.033 (0.036 ± 0.002); I pair of postcoxal setae (Pc) length 0.024-
0.014 (0.019 ± 0.002). Four pairs of circumanal setae (Ca): Cal length 
0.043-0.031 (0.036 ± 0.003), Ca21ength 0.072-0.041 (0.052 ± 0.009), Ca3 
length 0.065-0.053 (0.06 ± 0.04), C~ length 0.033-0.024 (0.028 ± 0.003). 
Capitulum: Basis capituli pentagonal (Fig. 3A), length from posterior 
margin of basis capituli to PH] 0.216-0.192 (0.206 ± 0.008), length from 
posterior margin of basis capituli to insertion of hypostome 0.235-0.216 
(0.229 ± 0.006), and length from posterior margin of basis capituli to apex 
of hypostome 0.541-0.522 (0.533 ± 0.006), width 0.242-0.230 (0.238 ± 
0.003). Lateral margins bulging, posterior margin with 2 large auricula-
like projections: length 0.072-0.050 (0.056 ± 0.007), width 0.033-0.026 
(0.030 ± 0.002). Two pairs of post hypos to mal setae; 0.026-0.014 (0.019 ± 
0.004), Ph21ength 0.026-0.021 (0.024 ± 0.001). Distance between Ph] setae 
0.045-0.036 (0.038 ± 0.003), and between Ph2 setae 0.089-0.077 (0.084 ± 
0.003). Palpi total length 0.370-0.323 (0.343 ± 0.015), segmentallengthl 
width from I to IV: (I) 0.084-0.065 (0.074 ± 0.005)/0.036-0.021 (0.027 ± 
0.004), (II) 0.120-0.115 (0.118 ± 0.002)10.038-0.024 (0.031 ± 0.004), (III) 
0.122-0.110 (0.115 ± 0.004)10.038-0.029 (0.032 ± 0.003), (IV) 0.048-0.038 
(0.042 ± 0.003)10.024-0.021 (0.022 ± 0.007). Setae number on palpal 
articles I-IV: (I) 0, (II) 4, (III) 5, (IV) 9. 
Hypostome: Length from Ph] to apex 0.361-0.332 (0.346 ± 0.013), 
length from insertion of hypostome on basis capituli to apex 0.323-0.304 
(0.312 ± 0.008), width of basal portion of hypostome 0.096-0.074 (0.089 
± 0.008); dental formula 2/2 (Fig. 3B) throughout length, file I with 21 
denticles and file 2 with 20--21 denticles; additional denticles around apex 
in some specimens; apex pointed. 
Legs: Tarsus I: 0.264-0.240 (0.250 ± 0.008), 0.091-0.070 (0.082 ± 
0.006) width. Setal formula: I pair apical (A), I distomedian (DM), 5 
paracapsular (PC), I postero-median (PM), I pair basal (B), I pair 
apicoventral (A V), 1 pair anteroventral (AL), I pair premidventral 
(PMV), I pair midventral (MV). Capsule of Haller's organ without 
reticulations. Two small triangular spurs in coxae I and I in coxae II and 
III (Fig. 3A). 
Redescription based on 10 larvae collected on Pteronotus spp. bats in 
cave at Porto Velho, State of Rondonia, Brazil, on 26 January 2009 
(DPVURU-735 to 738) and 25 January 2010 (DPVURU-739 to 744). 
Taxonomic summary 
Material examined: Seven males and 15 females, ex free-living on guano 
inside Cave I (08°40' 43"S, 63°51 '05"W), Porto Velho Ecological Park, 
Porto Velho Municipality, state of Rondonia, Brazil, from April 2007 to 
May 2009; collectors, M. B. Labruna and F. A. Terassini; 6 males (2 used 
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FIGURE I. Ornithodoros marinkellei adults. (A) Male dorsal view. (B) Male ventral view. (C) Female ventral view. (D) Male genital opening. (E) 
Female genital opening. (F) Female dorsal view. (G) Female ventral capitulum. (H) Detail on female ventral capitulum. All pictures were taken under a 
scanning electron microscope except for (F), which was taken in a stereoscope microscope. Scale bars: A, B, C = 200 11m; D = 60 11m; E, G = 40 11m; H 
= 10 11m. 
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FIGURE 2. Ornithodoros marinkellei male. (A) Latero-ventral view of posterior idiosoma. (B) Detail of spiracular plate and tuft of setae in the lateral 
groove. (C) Haller's organ and anterior pit. Scale bars: A = 100 ~m; B = 30 ~m; C = 20 ~m. 
for DNA extraction) and 15 females deposited under accession numbers 
CNC 1589, 1590, 1591 , 1592; I male deposited in IBSP 10392. Thirty-two 
larvae, ex Pteronotus spp. bats, locality as above, 26 January 2009, 30 May 
2009, and 25 January 2010; collectors M. B. Labruna, S. Nava, F. A. 
Terassini, and J. M. Venzal; 21 larvae deposited under accession numbers 
CNC 1592, 1594; 10 larvae deposited under DPVURU-735 to 738 and 
DPVURU-739 to 744; I larva deposited under IBSP-I0393. Three 
nymphs, molted from engorged larvae collected on Pteronotus spp. bats, 
locality as above, 30 May 2009; collectors, M. B. Labruna and F. A. 
Terassini; 3 nymphs deposited under accession number CNC 1593. 
Material examined from other lick collections: The following type 
specimens of 0. marinkellei were examined: Two larvae (para types 2 and 
4), ex. P. personatus (Wagner), Cartagena, Bolivar, Colombia, 2 June 1966 
(RML47294, RML47300). 
Remarks 
For the present larval redescription, 78 morphological features were 
observed, or measured, or both. Table I provides a comparison of 61 of 
these characters between the larvae collected in Brazil and the paratypes of 
0. marinkellei described by Kohls et a!. (1969). 
In the original description of 0. marinkellei, only 4 larval specimens 
were measured (Kohls et aI., 1969). Two of these specimens (paratypes), 
collected in Colombia, were analyzed in the present study, and 
morphologically compared with Brazilian specimens. The larval specimens 
collected in the present study are morphologically very similar to 0. 
marinkellei from Colombia; however, there are a few differences in basis 
capituli length and width, dorsal plate length, palpal articles, and 
hypostome (Table I), indicating that the ticks of Colombia (Kohls et a!., 
1969) and Brazil might represent 2 different taxonomic units in a species 
complex. In addition, the basiventral pair of setae (BV), and posterolateral 
pair of setae (PL) reported by Kohls et al. (1969) for the Colombian 
specimens were not observed on either the Brazilian specimens or the 2 
examined Colombian para types. Finally, the setal formula of Tarsus I 
described by Kohls et al. (1969) does not agree with the 2 Colombian 
para types examined in the present study. Because of the preparation 
conditions of the Colombian para types, their ventral setation could not be 
properly examined. However, the specimens seem to have 4 pairs of 
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FrGURE 3. Ornithodoros marinkellei larvae. (A) Ventral view of an unengorged specimen. (8) Ventral capitulum of an unengorged specimen. (C) 
Dorsal view of an unengorged specimen. (D) Dorsal view of an engorged specimen. (E) Detail of the dorsal plate of an engorged specimen. Scale bars: A 
= 200 !1m; B = 100 !1m; C = 200 !1m; D = 500 !1m; E = 50 !1m. 
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A) 
80 
I 
91 I 
99 
99 
Antrico/a delacruzi [EU090906] 
Antrico/a guglielmonei [EU090905] 
Antrico/a mexicanus [L34323] 
Nothoaspis amazoniensis [HM047066] 
Antrico/a marginatus [L34324] 
Ornithodoros capensis [AB076082] 
Ornithodoros fonsecai [GQ120967] 
Ornithodoros puertoricensis [AF113932] 
Ornithodoros hasei* [OQ295779] 
Ornithodoros rioplatensis [EU283343] 
Ornithodoros rondoniensis [EU090907] 
Ornithodoros marinkellei [HM582438] 
Ornithodoros rostratus [OQ295780] 
'I----Argas vespertilionist [HM751841] 
'--------------------8---17 Ornithodoros turicata [L34327] 
B) 
99 
80 
I 
881 1 
94 1 
Antrico/a delacruzi 
Antrico/a mexicanus 
Antrico/a guglielmonei 
Antrico/a marginatus 
Nothoaspis amazoniensis 
Ornithodoros fonsecai 
Ornithodoros capensis 
Ornithodoros puertoricensis 
Ornithodoros hasei* 
Ornithodoros rioplatensis 
Ornithodoros rondoniensis 
Ornithodoros marinkellei 
Ornithodoros rostratus 
Argas vespertilionist 
Ornithodoros turicata 
FIGURE 4. Neighbor-joining (A) and maximum parsimony (8) trees based on l6S rDNA partial sequences. Numbers represent bootstrap support 
generated from 1,000 replications. Numbers in brackets are GenBank accession numbers. Only bootstraps >70% are presented. *The specimen used to 
obtain this sequence was erroneously classified as Ornithodoros mimon when the sequence was submitted to GenBank (1. M. Venzal, pers. comm.). tThis 
is the type species for Carios. Klompen and Oliver (1993) considered this species belonging to the subfamily Ornithodorinae. 
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FIGURE S. Ornithodoros marinkellei larvae (A) Dorsal view of a specimen from Rondonia: dorsal plate and setae. (B) Ventral view of a specimen from 
Rondonia: circumanal setae. (C) Tarsus I of a specimen from Rondonia. (D) Basis capituli of a specimen from Rondonia: width with comparative scale. 
(E) Basis capituli of a paratype from Colombia: width with comparative scale. (F) Hypostome of a specimen from Rondonia: length with comparative 
scale. (G) Hypostome of a paratype from Colombia: length with comparative scale. Scale bars: A, B, C, D, E, F , G = 100 1J.IIl. 
circumanal setae [not 3, as described by Kohls et al. (1969)], like our 
Brazilian specimens and the other 2 Subparmatus species, 0. viguerasi, and 
0. mormoops. 
Phylogenetic analysis 
The sequence of O. marinkellei generated in the present study 
(HM582438) was genetically distinct from the sequences of all other 
available soft-tick sequences by at least 12.5%, which is consistent with 
interspecific diversity. Because most of the GenBank 16S rRNA gene 
partial seq uences of Argasidae are shorter than 426 nucleotides, we used a 
400-bp fragment of the mitochondrial 16S rDNA gene to build the NJ and 
MP phylogenetic reconstructions, which showed similar topologies 
(Fig. 4). 
DISCUSSION 
Herein, the adults and nymphs of 0. marinkellei are described 
for the first time. In contrast to all other known adult argasids, 
both males and females of 0. marinkellei have their idiosoma 
entirely covered with sclerotized plaques. To a much lesser extent, 
idiosomal sclerotized plaques in argasid adults have also been 
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reported from O. viguerasi, another Neotropical bat parasite that 
belongs to subgenus Subparmatus. Because 0. marinkellei has also 
been placed into this subgenus (Kohls et aI., 1969), it is quite 
possible that the currently unknown adults of 0. mormoops also 
have idiosomal sclerotized plaques. 
Our preliminary description of the nymphal stage of O. 
marinkellei is incomplete for several morphological features, 
because the specimens were damaged and covered in debris. For 
this reason, we could not provide any illustration. However, it is 
worth emphasizing that the entire idiosoma is micromamillated, 
with no plaques, in contrast to the adult stage. The ridge-like or 
tubercle-like integumental elevations observed in nymphal 0. 
marinkellei seem to be similar to the modified elevated mammillae 
described for the adults of O. viguerasi (Cooley and Kohls, 1941). 
These modified mammillae were, however, not reported for the O. 
viguerasi nymphs, which are also characterized by the presence of 
ventral sclerotized plaques (Cooley and Kohls, 1941), absent in 
the nymph of O. marinkellei. 
The hypos tome of the O. marinkellei nymphs has so far not 
been described. Therefore, it is unclear whether or not 0. 
marinkellei nymphs can feed, and if there is more than 1 nymphal 
stage. Adults of O. marinkellei probably feed, because the 
hypostome is denticulated, and also because 1 of the adults 
collected in the present study accidentally attached superficially to 
the skin of 1 of us (M.B.L.) while we were collecting in the cave. 
The larva of 0. marinkellei (Colombia and Brazil) is 
morphologically similar to the larva of O. viguerasi and 0. 
mormoops; these 3 species belong to the subgenus Subparmatus. 
Because of the long and narrow dorsal plate, O. marinkellei is 
readily distinguished from 0. viguerasi and 0. mormoops. The 
dorsal plate shape of 0. marinkellei resembles those of Nothoaspis 
reddelli Keirans and Clifford, 1975, N. amazoniensis, and 
Ornithodoros setosus Kohls, Clifford and Jones, 1969, but N. 
reddelli and N. amazoniensis have 5 circumanal setae, reticulations 
in the capsule of the Haller's organ, and small auricula-like 
projections. The number and pattern of the dorsal setation of 0. 
setosus and O. marinkellei differ completely (27~29 pairs versus 13 
pairs). The comparison of our larvae with the O. marinkellei 
paratype specimens confirmed their taxonomic identification. 
However, a few morphological differences could be observed, as 
listed in Table I and illustrated in Figure 5. Further investigations 
will be needed to assess whether these differences can be 
attributed to intraspecific polymorphism in allopatric popula-
tions, or to the occurrence of an O. marinkellei species complex. It 
is also important to note that the larval morphological differences 
found between 0. marinkellei from Brazil and Colombia are less 
pronounced that the differences cited above to separate O. 
marinkellei from O. viguerasi or O. mormoops larvae. 
Four additional argasid species, A. guglielmonei, A. delacruzi, N. 
amazoniensis, and 0. rondoniensis (Labruna et aI., 2008; Nava et 
aI., 2010), were collected in much greater quantities than O. 
marinkellei in the same cave. Each time the cave was inspected, 
countless clusters of nymphs and adults of A. guglielmonei and A. 
delacruzi were observed active on the guano and on the walls, and 
innumerable cohorts of nymphs and adults of 0. rondoniensis were 
observed on the walls and ceiling of the cave. The density of 0. 
marinkellei was much lower with only 22 adult specimens being 
collected during this study. On all 3 occasions (January and May 
2009, and January 2010), bats were captured, and were infested by 
more O. marinkellei larvae than Antricola-like larvae. However, no 
nymphs of 0. marinkellei were found in the cave. It is possible that 
this species is more prevalent in the internal tunnels of the cave that 
cannot be reached by humans, but are accessible to bats. 
The idiosomal plaques are not the only diagnostic phenotypic 
character associated with O. marinkellei; the combination of large 
spiracular plates and large ventro-medial integumental extension 
on the palpal article 1 are also unique among soft ticks. Large 
spiracular plates are features shared with adults of O. rondoniensis 
(Labruna et aI., 2008), whereas the presence of a projection on the 
first article of the palpi is common in Nothoaspis spp. ticks (Keirans 
and Clifford, 1975). According to the genetic data, 0. marinkellei is 
clearly distinct from the remaining argasid species. This tick was 
not related with any species included in the phylogenetic analyses, 
in spite of the fact that some sympatric bat-associated tick species, 
also found in hot humid caves (0. rondoniensis, Antricola spp., N. 
amazoniensis), were included in the analysis. However, the 
phylogenetic position of O. marinkellei within argasid ticks and 
the relationships between argasid ticks in general, will have to be 
verified by using more conservative gene sequences and by 
including more species in future studies. For instance, the inclusion 
of genetic data from 0. viguerasi and 0. mormoops are needed to 
confirm the validity of the subgenus Subparmatus. 
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DESCRIPTION OF THE LARVA OF CERATOPHYLLUS VAGABUNDUS VAGABUNDUS 
(SIPHONAPTERA: CERATOPHYLLIDAE) FROM NESTS OF ROSS'S AND LESSER SNOW 
GEESE IN NUNAVUT, CANADA 
Vanessa B. Harriman, Terry D. Galloway*, Ray T. Alisauskast, and Gary A. Wobesert 
Department of Biology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada S7N SE2. e-mail: vanessa.harriman@usask.ca 
ABSTRACT: Adults of the flea, Ceratophyllus vagabundus vagabundus, were present in the hundreds in nests of Ross's (Chen rossii) and 
lesser snow (Chen caerulescens caerulescens) geese in the Arctic goose colony at Karrak Lake, Nunavut, Canada. Ceratophyllus v. 
vagabundus had not been previously recorded in association with Ross's or snow geese. Large numbers of C. v. vagabundus adults and 
larvae were collected and a description of the larva is provided for the first time, On the basis of external characters, larvae were 
indistinguishable from those of a number of other Ceratophyllus spp, previously described from North America, i.e" Ceratophyllus 
idius, Ceratophyllus niger, and Ceratophyllus lari, 
Fleas are hematophagous ectoparasites that parasItIze a 
diversity of vertebrates, but only 6% of the world's 2,500 species 
of fleas infest birds (Lehane, 2005), Despite many studies about 
the effects of fleas on the behavior and reproductive success of 
avian species, there are many gaps in our knowledge about 
geographic range and avian host specificity in North America 
(Holland, 1985; Lewis and Galloway, 2001), Additionally, most 
research regarding interactions between birds and fleas has 
focused on passerine hosts, i.e., Passeriformes, thus contributing 
to a lack of information on fleas of other avian orders. 
Ross's (Chen rossii Cassin, 1861) and lesser snow (Chen 
caerulescens caerulescens Linnaeus, 1758) geese are widely studied 
species due to the rapid growth of their populations and the 
associated impact on their breeding habitat (Ankney, 1996; 
Slattery and Alisauskas, 2007). Speckles of blood were observed 
on Ross's and lesser snow geese eggs at the Karrak Lake goose 
colony in 1991, which subsequently increased in prevalence and 
intensity. Host blood may constitute an important part of the 
larval flea diet and is frequently obtained by consumption of frass 
from adult fleas. Marshall (1981) and Lehane (2005) hypothesized 
that adult fleas feed in excess to their requirements, subsequently 
defecating undigested blood upon which larvae feed. In 2001, 
research was initiated to study the interaction between fleas and 
geese in the Karrak Lake goose colony (Harriman et aI., 2008; 
Harriman and Alisauskas, 2010); a strong positive relationship 
was found between the proportion of goose eggs covered by blood 
and the abundance of Ceratophyllus vagabundus vagabundus 
Boheman, 1866 in the nest. Blood-covered eggs likely resulted 
from fleas defecating undigested blood in the nest. Infestations at 
levels observed in our colony resulted in a negative impact on 
reproductive success (Harriman and Alisauskas, 2010). 
Fleas associated with birds generally spend the most time in their 
host's nest where egg, larval, and pupal development usually occurs 
(Marshall, 1981). Flea larvae may be relatively easy to collect in 
large numbers, yet flea taxonomy has largely been focused on the 
adult stage. Adult fleas may not always be the easiest life cycle stage 
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to collect in the field, thereby hindering the ability to identify nest 
parasites of vertebrates. It is important that every opportunity be 
taken to associate adult fleas with larvae in the nest, particularly in 
situations such as those encountered in the Karrak Lake goose 
colony, where only I species of adult flea was identified. 
The larvae of a number of species of Ceratophyllus spp. in 
Canada have been described by Pilgrim and Galloway (2000) and 
Galloway and Pilgrim (2001). With the clear association of adults 
and larvae of C. v. vagabundus from the Karrak Lake goose 
colony, we were presented with an opportunity to describe the 
larva and compare it with other described species of Ceratophyllus 
found in the Nearctic Region. 
MATERIALS AND METHODS 
Study site 
The present study was conducted at the Karrak Lake goose colony 
(67°14'N, 100D I5'W), located ~60 km south of the Queen Maud Gulf, 
Nunavut, Canada. The colony encompasses ~ 360 km2 and is located in 
the Queen Maud Gulf Migratory Bird Sanctuary. The Karrak Lake 
colony is one of the largest colonies of Ross's and lesser snow geese known 
in the Queen Maud Gulf Migratory Bird Sanctuary, containing ~ I million 
breeding geese in recent years (Alisauskas et aI., 1998). Geese arrive in the 
colony in late May, begin nesting in early June, and depart in early July 
after a 23-day incubation period. These geese nest in very higb densities; 
from 2001-2004, nesting density at Karrak Lake averaged 22-34 nests/ha 
and ranged from 0-250 nests/ha. 
Ceratophyllus v. vagabundus over-winters as adults, presumably in 
cocoons, on our study site in material (containing vegetation and down) of 
old goose nests and becomes active with the arrival of geese. Adult fleas 
were evident in the nest during early incubation, after which their numbers 
declined rapidly and little new blood was detected on eggs; larvae were 
first observed in nests ~ 10 days after initiation of incubation (Harriman et 
aI., 2008). 
Parasite sampling and identification 
Nests of Ross's and lesser snow geese were collected either 16-19 (2003) 
or 1-4 (2004) days after start of incubation (n = 26). Nests collected early 
in incubation yielded adult fleas, whereas nests sampled toward the end of 
incubation contained both larval and adult fleas (Harriman et aI., 2008). 
Fleas from 4 nests were randomly selected for identification (30 adult fleas 
and ~ 100 larvae). Adult fleas were exclusively C. v. vagabundus. Thus, 
we can be reasonably assured that larvae found in the nest are those of 
C. v. vagabundus. 
Description of the larva is based entirely upon slide-mounted specimens, 
prepared using the technique described by Pilgrim (1992). Terminology is 
that used by Pilgrim and Galloway (2000). Unless otherwise indicated, the 
description is for I side of the body only and applies to second and third 
instar larvae. It appears that the life cycle of this flea is narrowly 
synchronized and that the larval cohort develops quite quickly, since no 
first instar larvae were collected in the samples taken only 16-19 days into 
incubation. 
Material examined 
Ceratophyllus v. vagabundus, Karrak Lake goose colony, Nunuvut, 
29.vii.2005, ex nests of Ross's goose, Chen rossii and lesser snow goose, 
Chen caerulescens caerulescens, 33 Ln-Lm, and 3 0', 8 9. Hundreds of 
additional specimens preserved in ethanol are available for study. 
Additional materials examined included Ceratophyllus v. vagabundus, 
Greenland, ex nest of Anser brachyrhynchus Baillon, 1834, 13.vii.1970, 
M.J. Cotton, 9 Ln-Lm; Greenland, Oer Is., nest of Somateria mollisima 
Linnaeus, 1758, 20.viii.1970, M.J. Cotton, 6 Ln-Lm; Siberia, Maloye 
More, Lake Baikal, ex nest of Larus argentatus mongolicus Linnaeus, 
1758, -.vi.l992, P. Yesou, 6 Ln-Lm; Alaska, Scammon Bay, ex nest of 
Corvus corax Linnaeus, 1758, 23.vi.l961, R.L. Rausch, ILl, 7 Ln-LIll; 
Alaska, Middleton Is., ex nest of Rissa tridactyla Linnaeus, 1758, 16.v.-
16.viii.l998, B. Gill, per N. Wilson, 3 LIll . Ceratophyllus vagabundus 
insularis. Faroe Islands, Mykines, ex nest of Rissa tridactyla, 24.vi.2002, 
J.-K. Jensen, 2 LI, 6 Ln-Lm, and 2 0', I 9. 
We were unable to determine diagnostic characters to separate C. 
vagabundus larvae from the larvae of C. niger e. Fox, 1908, C. idius Jordan 
& Rothschild, 1920, and C. lari Holland, 1951. Therefore, a complete 
description is not included here. Descriptions and relevant figures for these 
latter species, provided by Pilgrim and Galloway (2000) and Galloway and 
Pilgrim (2001), apply equally to the larva of C. vagabundus. Following is a 
description of Ab.lO for the purposes of numerical comparisons for 
chaetotaxy. 
DESCRIPTION 
Diagnosis: Anal comb with distinct double row of short setae, anterior 
row with 4 setae (occasionally 3), and posterior row usually 8 (range 6-9) 
on each half. Anal strut bluntly rounded at tip, slightly curved ventrally; 
dorsal surface with strip of sclerotized cuticle; I sensillum on ventral 
surface; anal mound with 1 row of 6-9 short setae. 
Taxonomic summary 
Hosts: Chen rossii Cassin, 1861 and Chen caerulescens caerulescens. 
Linnaeus, 1758. 
Locality: Karrak Lake goose colony (67°14'N, 1000 15'W), located 
-60 km south of the Queen Maud Gulf, Nunavut. 
Specimens deposited: J. B. Wallis Museum of Entomology (JBWM), 
Department of Entomology, University of Manitoba, Winnipeg, MB, 
R3T 2N2, and the R.L.e. Pilgrim Collection, Museum of New Zealand Te 
Papa Tongarewa, Wellington, New Zealand. 
DISCUSSION 
Ceratophyllus is a large, complex genus of fleas found 
predominantly in the Northern Hemisphere (Haddow et aI., 
1983; Lewis and Galloway, 2001). It can be difficult to distinguish 
females of different species, and there can be a considerable range 
of variation in many characters among adults of the same species 
(Holland, 1985; Lewis and Galloway, 2001). There have been 
comparative studies on the taxonomy of the larvae (Pilgrim and 
Galloway, 2000; Galloway and Pilgrim, 2001; Pilgrim and 
Galloway, 2004), but it has not always been possible to find 
characters that can be used to separate all species. For example, 
Pilgrim and Galloway (2000) found 3 groups of Nearctic 
Ceratophyllus spp. within which species could not be separated, 
i.e., (1) Ceratophyllus celsus celsus Jordan, 1926/Ceratophyllus 
scopulorum Holland, 19521Ceratophyllus petrochelidoni Wagner, 
1936 (and perhaps even Ceratophyllus arcuegens Holland, 1952); 
(2) Ceratophyllus garei Rothschild, 19021 Ceratophyllus diffinis 
Jordan, 1925; and (3) C. idiuslC. nigerl(+ Ceratophyllus gallinae 
Schrank, 1803 among LI's). Galloway and Pilgrim (2001) later 
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described the larva of C. lari and found that it was indistinguish-
able from the latter group of species. Ceratophyllus vagabundus 
vagabundus has been recorded to infest many species of bird hosts 
(Haddow et aI., 1983; Holland, 1985; Harriman et aI., 2008). Our 
research at Karrak Lake provided an excellent opportunity to 
obtain the previously undescribed larva of C. v. vagabundus. 
However, after a thorough examination of these larvae, we found 
no characters that were suitably distinct to separate this species 
from the latter group identified above. 
It is clear from the comparative work done so far that a 
taxonomic analysis at the molecular level for species of 
Ceratophyllus would provide useful information about the 
phylogenetic relationship among species. Though host, locality, 
and habitat information might be important in the deduction of 
probable species identification, molecular analysis may, in fact, be 
the sole method by which larvae of many Ceratophyllus spp. can 
be identified with certainty in the absence of associated adults. 
ACKNOWLEDGMENTS 
The Institute for Wetlands and Waterfowl Research and the University 
of Saskatchewan provided personal support to Y.B.H. Logistical funding 
for this project was provided by Arctic Goose Joint Venture (Canadian 
Wildlife Service), the Central and Mississippi Flyway Council, and the 
Polar Continental Shelf Project. This work was partially supported by an 
NSERC Discovery Grant to T.D.G.; support was also provided to 
T.D.G. by the Department of Entomology, University of Manitoba, 
Winnipeg and the School of Biological Sciences, University of Canter-
bury, Christchurch, New Zealand. Numerous individuals assisted in data 
collection from 2001-2004; in particular, we thank N. Haalboom, D. 
Kellett, S. Lawson, F. Moore, M. Roberts, and J. Traylor. We thank 
Professor R. L. e. Pilgrim (deceased) for allowing us to examine 
specimens of C. v. vagabundus and C. v. insularis in his collection; he also 
provided useful information regarding additional collections of larval C. 
v. vagabundus and C. v. insularis Rothschild, 1906 for comparative 
purposes and for examination of first instar larvae. 
LITERATURE CITED 
ALISAUSKAS, R. T., S. M. SLATTERY, D. K. KELLET, D. STERN, AND K. D. 
WARNER. 1998. Spatial and temporal dynamics of Ross's and snow 
goose colonies in Queen Maud Gulf Bird Sanctuary, 1966-1998. 
Canadian Wildlife Service, Saskatoon, Saskatchewan, Canada, 22 p. 
ANKNEY, e. D. 1996. An embarrassment of riches: Too many geese. 
Journal of Wildlife Management 60: 217-223. 
GALLOWAY, T. D., AND R. L. e. PILGRIM. 2001. New records of 
Ceratophyllus lari (Siphonaptera) and diagnosis of the larva. 
Northeastern Naturalist 8: 491-494. 
HADDOW, J. F., R. TRAUB, AND M. ROTHSCHILD. 1983. Distribution of 
ceratophyllid fleas and notes on their hosts. Material in the collection, 
with additional notes and maps of the genera. In The Rothschild 
collection of fleas. The Ceratophyllidae: Key to the genera and host 
relationships, R. Traub, M. Rothschild, and J. F. Haddow (eds.). 
Academic Press, London, U.K., p. 42-163. 
HARRIMAN, V. B., AND R. T. ALISAUSKAS. 2010. Of fleas and geese: The 
impact of an increasing nest ectoparasite on reproductive success. 
Journal of Avian Biology 41: 573-579. 
---, ---, AND G. A. WOBESER. 2008. The case of the blood-covered 
egg: Ectoparasite abundance in an Arctic goose colony. Canadian 
Journal of Zoology 86: 959-965. 
HOLLAND, G. P. 1985. The fleas of Canada, Alaska and Greenland 
(Siphonaptera). Memoirs of the Entomological Society of Canada, 
No. 130, Ottawa, Ontario, Canada, 631 p. 
LEHANE, M. J. 2005. The biology of blood-sucking in insects. Cambridge 
University Press, New York, New York, 321 p. 
LEWIS, R. E., AND T. D. GALLOWAY. 2001. A taxonomic review of the 
Ceratophyllus Curtis, 1832 of North America (Siphonaptera: Cerato-
phyllidae: Ceratophyllinae). Journal of Vector Ecology 26: 119-161. 
MARSHALL, A. G. 1981. The ecology of ectoparasitic insects. Academic 
Press, London, U.K., 459 p. 
220 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.2, APRIL 2011 
PILGRIM, R. L. C. 1992. Preparation and examination of flea larvae 
(Siphonaptera) by light and electron microscopy. Journal of Medical 
Entomology 29: 953-959. 
---, AND T. D. GALLOWAY. 2000. Descriptions of flea larvae 
(Siphonaptera: Ceratophyllidae: Ceratophyllus spp.) found in the 
nests of swallows (Aves: Passeriformes: Hirundinidae) in North 
America, north of Mexico. Canadian Entomologist 132: 15-37. 
---, AND ---. 2004. Descriptions of flea larvae (Siphonaptera: 
Ceratophyllidae, Leptopsyllidae) found in nests of the house martin, 
Delichon urbica (Aves: Hirundinidae), in Great Britain. Journal of 
Natural History 38: 473-502. 
SLATIERY, S. M., AND R. A. ALISAUSKAS. 2007. Distribution and habitat 
use of Ross's and lesser snow geese during late brood rearing. Journal 
of Wildlife Management 71: 2230-2237. 
1. Parasitol .• 97(2), 2011, pp. 221-236 
© American Society of Parasitologists 2011 
CHALIMUS STAGES OF CALIGUS LATIGENITALIS (COPEPODA: CALIGIDAE) PARASITIC 
ON BLACKHEAD SEABREAM FROM JAPANESE WATERS, WITH DISCUSSION OF 
TERMINOLOGY USED FOR DEVELOPMENTAL STAGES OF CALIGIDS 
lone Madinabeitia and Kazuya Nagasawa 
Graduate School of Biosphere Science, Hiroshima University, 1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima, 937-8528 Japan. 
e-mail: ionemadinabeitia@gmail.com 
ABSTRACT: The first and third chalimus stages and chalimus adult (previously known as young adult) of Caligus latigenitalis are 
described based on new material collected from the body surface of a heavily infected wild blackhead seabream Acanthopagrus 
schlegelii schlegelii from Hiroshima Bay, Japan. The second and fourth chalimus stages of the same species are redescribed. Adults of 
C. latigenitalis are characterized by possessing 2 stout marginally indented processes at the base of 2 terminal spines at distal exopodal 
segment of leg 4. The chalimi were identified to stage based on the structure of the frontal filament and the discrete ranges in body 
length. Sexual dimorphism is first observed at the third chalimus stage in the shape of the distal segment of the antenna. The total 
number of postnaupliar stages of C. latigenitalis is 6, including 4 semaphoronts, i.e., I copepodid stage consisting of I infective 
copepodid and the chalimus copepodid, 4 chalimus stages, and 1 adult stage with 1 chalimus adult and I mobile adult. New 
terminology for the developmental stages of caligid copepods is proposed herein by amending the definition of chalimus as the 
postnaupliar stages, as well as semaphoronts having a frontal filament for host attachment. 
Caligus latigenitalis was described by Shiino (1954), as a 
parasite on wild Acanthopagrus schlegelii schlegelii from Mie 
Prefecture, Japan. Subsequently, Caligus acanthopagri Lin, Ho 
and Chen, 1994, a parasite on cultured A. schlegelii schlegelii from 
Taiwan, was reported to be closely related to C. latigenitalis (Lin 
et aI., 1994). Recently, Izawa and Choi (2000) redescribed the 
female and described for the first time the male of C. latigenitalis 
on cultured blackhead seabream from Japan, and re-examined 
Shiino's specimens. They concluded that A. schlegelii schlegelii 
inhabiting Taiwanese waters are infected by C. acanthopagri, 
whereas C. latigenitalis is restricted to blackhead seabream from 
Japanese waters. However, the developmental stages of C. 
latigenitalis have remained unknown for many decades, until an 
incomplete series of stages was illustrated by Izawa (2004) from 
the body surface of cultured blackhead seabream from Japan. He 
described for the first time the copepodid, the second chalimus, 
and both sexes of the fourth chalimus, deducing the number of 
postnaupliar developmental stages to be as in other caligids. 
Accordingly, the present article is intended to complete the 
series of postnaupliar stages of C. latigenitalis by describing the 
first chalimus stage, both sexes of the third chalimus stage, and 
the chalimus adult (young adult), then redescribing the second 
chalimus stage and both sexes of the fourth chalimus stage 
parasitic on the body surface of a heavily infected wild blackhead 
seabream from Hiroshima Bay, Japan. It also discusses the 
terminology used for the developmental stages of caligids and 
proposes a new set of terms to avoid confusion. 
MATERIALS AND METHODS 
A heavily infected blackhead seabream was collected on 16 August 2008 
by rod and line in coastal waters off Enoshima (34°15'N, 132°22'E) in the 
southwestern part of Hiroshima Bay, Japan. The fish was preserved in 
10% formalin in seawater and transported to the laboratory. Parasitic 
copepods were removed from the host with a pair of forceps. Detached 
specimens were recovered from the formalin solution. Copepods were 
preserved in 70% ethanol, cleared in lactophenol, and observed with a 
microscope following the methods of Humes and Gooding (1964). 
Copepods were counted and classified into I of the 6 categories, including 
Received 3 August 2010; revised 7 November 2010; accepted 20 
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4 postcopepodid stages (Ch I-IV) and 2 adult semaphoronts (chalimus 
adult [Ch A] and mobile adult [MAJ). Readers should refer to the 
Discussion section for definitions of the semaphoronts used in the Results 
and Discussion regarding the justification and adoption of the new 
terminology. 
Adults were used for species identification. Drawings and measurements 
were made with the aid of a drawing tube attached to a difference 
interference contrast microscope and an optical micrometer, respectively. 
Terminology of copepods essentially follows Boxshall (1990) and Huys 
and Boxshall (1991). The scientific and common names of the fishes follow 
those adopted in Froese and Pauly (2010). Voucher specimens of the 
chalimi and adults are deposited in the crustacean collection at the 
National Museum of Nature and Science, Tokyo, Japan. 
RESULTS 
A total of 1,041 specimens, including copepodids (n = 2), first 
chalimus stage (n = 66), second chalimus stage (n = 105), third 
chalimus stage (n = 210), fourth chalimus stage (n = 250), and 
adult stage (n = 408), was collected from the body surface of a 
heavily infected blackhead seabream (standard length [SL] = 
33 em). The specimens were identified as C. latigenitalis based on 
the generic diagnosis of Izawa and Choi (2000) and the fact that 
adults possessed 2 stout marginally indented processes at the base 
of 2 terminal spines on the distal exopodal segment of leg 4. 
EMENDED DESCRIPTION 
Caligus latigenitalis 
(Figs. 1-8) 
First chalimus (n = 10) (Fig. 1): Body length average ± 
standard deviation (range): 0.77 ± 0.05 (0.68--0.89) mm. Body 
(Fig. lA, B) with distinct segmentation between anterior and 
posterior tagma, but with indistinct tagmosis between individual 
segments of latter. Body attached to host by frontal fIlament about 
0.1 mm long. Base of frontal fIlament (Fig. 1B) with signs of 
longitudinal and transverse subdivisions. Cephalothorax protruded 
anteriorly as triangular plate and emarginated posteriorly; about 1.5 
times longer than posterior tagma. Second and third indistinct 
pedigerous somites much narrower than cephalothorax; fourth 
pedigerous somite twice as wide as first one. Genital complex 
indistinctly separated from fourth pediger and abdomen. Anal region 
bearing small caudal rami (Fig. 1M) each armed with 6 naked setae. 
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FIGURE I. Caligus iatigenitalis, first chalimus. Habitus, (A) dorsal, (B) ventral; (C) antennule, ventral; antenna, (D) ventral, (E) lateral; (F) maxillule, 
ventral; (G) maxilla, ventral; (H) mandible, lateral; (I) maxilliped, ventral; (J) leg I, ventral; (K) leg 2, ventral; (L) leg 3, ventral; (M) caudal rami and anal 
region, ventral. 
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FIGURE 2. Caligus latigenitalis, second chalimus. Habitus, (A) dorsal, (B) ventral; (C) base of frontal filament, ventral; (D) labrum and labium, 
ventral; (E) antennule, ventral; antenna (F) ventral, (G) lateral; (H) post-antennal process, ventral; (I) maxillule, ventral; (J) maxilla, ventral; (K) 
maxilliped, ventral; (L) mandible, lateral; (M) leg 1, ventral; (N) leg 2, ventral; (0) leg 3, ventral; (P) leg 4, ventral; (Q) leg 5, ventral; (R) caudal ramus 
and anal margin, left side, ventral. 
224 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.2, APRIL 2011 
o 
...r 
a 
a 
E 
E 
~I 
~h_// 
0.1 mm 
0.04mm ~ 
t;- ~ 
0.05 mm 
~I 
FIGURE 3. Caligus latigenitalis, third chalimus, female. Habitus, (A) dorsal, (B) ventral; (C) base of frontal filament, ventral; (D) antennule, ventral; 
(E) antenna and post-antennal process, ventral; (F) maxillule, ventral; (G) maxilla, ventral; (H) maxilliped, ventral; leg I, (I) ventral, (J) distal exopodal 
segment, ventral; (K) leg 2, ventral; (L) leg 3, ventral; (M) exopodal and endopodal rami, ventral; (N) leg 4, ventral; (0) leg 5, ventral; (P) caudal ramus 
and anal region, left side, ventral. 
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FIGURE 4. Caligus iatigenitalis, third chalimus, male. Habitus, (A) dorsal, (B) ventral; (C) anlagen of sternal furca, ventral; (D) antenna and post-
antennal process, ventral; (E) antenna, distal tip. 
Antennule (Fig. 1 C) 2 segments; proximal segment with 3 setae; 
distal segment with 10 setae and 2 aesthetascs. Antenna (Fig. ID, 
E) nonprehensile, robust base with lateral protrusion midway 
and slender tip; small distal segment weakly sclerotized and 
carrying at least 5 terminal and 2 subterminal elements. Post-
antennary absent. Mandible (Fig. IH) with 10 teeth on distal 
blade. Maxillule (Fig. IF) comprising sharply pointed dentiform 
process and basal papilla bearing 3 setae. Maxilla (Fig. 1 G) 
lacking flabellum. Maxilliped (Fig. 11) indistinctly 3-segmented, 
first segment robust; distal endopodal segment as subchela in 
form of large curved claw and short inner seta. Sternal furca 
absent. 
Legs 1 (Fig. 11) and 2 (Fig. lK) with unsegmented rami; leg 1 
bearing process at inner proximal comer of coxa with minute 
subterminal prominence; leg 2 with similar, but unornamented, 
process. Leg 3 (Fig. lL) unsegmented and rudimentary, but with 
anlagen of rami distinct. Setae on legs 1-3 simple. Setation 
formula of legs 1-3 as follows: 
Leg I 
Leg 2 
Leg 3 
Protopod 
2-0 
0-0 
0-0 
Exopod Endopod 
8-0 2-0 
8-0 6-0 
6-0 (rudiment) 
Second chalimus (n = 10) (Fig. 2): Body length 1.06 ± 0.06 
(0.99-1.19) mm. Body (Fig. 2A, B) with cephalothorax laterally 
expanded incorporating both first and second pedigers without 
suture visible dorsally; anterior margin with frontal filament 
bearing 2 basal bulbs (Fig. 2C); oral cone with thick labrum and 
labium well developed (Fig. 2D); cephalothorax about 1.85 times 
longer than indistinctly 2-segmented posterior tagma; attenuated 
distally, bearing anlagen of leg 4 ventrolaterally, genital complex 
with small posterolateral seta representing rudimentary leg 5. 
Caudal rami (Fig. 2R) indistinctly separated from abdominal 
somite, wider than long, each with 6 pinnate setae on distal 
margin. 
Antennule (Fig. 2E) 2 segments; proximal segment bearing 7 
anterior setae; distal segment with 11 setae and 2 aesthetascs. 
Antenna (Fig. 2F, G) 2 segments; proximal segment small, with 
large posteromedial protrusion; bilobed naked papilla posterior 
to antenna base (Fig. 2H); distal segment with indistinct 
segmentation; distal tip slender and terminally with 3 short 
spiniform subterminal elements. Anlagen of post-antennary 
process (Fig. 2H) with 2 papillae, each carrying 2 sensilla. 
Mandible (Fig. 2L) with 11 teeth. Maxillule (Fig. 21) with 
dentiform process more robust than in preceding stage. Maxilla 
(Fig. 2J) with anlagen of flabellum on margin of distal segment. 
Maxilliped (Fig. 2K) distinctly 3-segmented, slightly larger than 
in preceding stage. 
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FIGURE 5. Caligus iatigenitalis, fourth chalimus, female. Habitus, (A) dorsal, (D) ventral; (C) antennule, ventral; (D) base offrontal filament, ventral; 
(E) antenna and post-antennal process, ventral; (F) maxillule, ventral; (G) maxilla, ventral; (H) maxilliped, ventral; (I) leg I, ventral; (J) leg 2, ventral; (K) 
leg 3, ventral; (L) leg 4, ventral; (M) leg 5, ventral; (N) caudal ramus, left side, ventral. 
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FIGURE 6. Caligus iatigenitalis, fourth chalimus, male. Habitus, (A) dorsal, (B) ventral; (C) rudiment of sternal furca, ventral; (D) antenna and post-
antennal process, ventral; (E) leg 5, ventral; (F) leg 6, ventral. 
Legs 1 (Fig. 2M) and 2 (Fig. 2N) protopod with indistinct 
segmentation, and ornamented with inner and outer setae. Leg 3 
(Fig. 20) unsegmented, but lobes representing rami larger than in 
preceding stage. Setation formula of legs 1-3 as follows: 
Protopod Exopod Endopod 
Leg I I-I 8-0 1-0 
Leg 2 1-1 10-0 8-0 
Leg 3 0-1 8-0 3-0 
Leg 4 (Fig. 2P) a cylindrical limb bearing 1 subterminal and 2 
terminal setae. Leg 5 (Fig. 2Q) a small process on posterolateral 
margin of genital complex. 
Third chalimus, female (n = 10) (Fig. 3): Body length 1.77 ± 
0.05 (1.69-1.87) mm. Body (Fig. 3A, B) showing full development 
of caligid cephalothorax with incorporation of third pediger and 
development of frontal plates. Cephalothorax subcircular, about 
2.9 times longer than posterior somites combined; frontal filament 
(Fig. 3C) with 3 basal bulbs and 1 pair of connecting pads. 
Genital complex widest midway. Caudal ramus (Fig. 3P) with 3 
short and 3 long plumose setae. 
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FIGURE 7. Caligus iatigenitalis, chalimus adult, female. (A) Habitus, dorsal; (B) base of frontal filament, ventral; (C) lunule, right side, dorsal; (D) 
antennule, ventral; (E) antenna and post-antennal process, ventral; (F) maxillule, ventral; maxilla, (G) ventral, (H) distal tip, ventral; (I) maxilliped, 
ventral; (J) sternal furca, ventral; (K) leg I, ventral; (L) leg 2, ventral; (M) leg 3, ventral, (N) exopodal spine, dorsal; (0) leg 4, ventral; (P) legs 5, 
spermatophores attached to genital complex, caudal rami, ventral. 
0.04 mm 
0.02 mm 
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FIGURE 8. Caligus iatigenitalis, chalimus adult, male. (A) Habitus, dorsal; (B) antenna and post-antennal process, ventral; (C) antenna, distal tip, 
ventral; (D) maxilliped, ventral, (E) myxal area, ventral; (F) sternal [urea, ventral; (G) leg 4, ventral; (H) spines on distal segment, ventral; (I) leg 
6, ventral. 
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Antennule (Fig. 30) with 2 segments; proximal segment 
bearing 19 anterior setae; distal segment with 11 setae and 2 
aesthetascs. Antenna (Fig. 3E) with 2 segments; proximal segment 
with reduced posteromedial protrusion; distal segment a pointed 
process armed with 2 short elements of equal size. Post-antennary 
process (Fig. 3E) an irregular knob with I basal papilla bearing 1 
or 3 sensilla, and 2 similar papillae nearby on sternum. Mandible 
as in preceding stage. Maxillule (Fig. 3F) with longer dentiform 
process than that of preceding stage. Maxilla (Fig. 3G) similar to 
that of preceding stage. Maxilliped (Fig. 3H) larger than that of 
preceding stage; 3 segments; subchela with claw shorter than 
shaft. 
Leg 1 (Fig. 31, 1) endopod more atrophied than that of 
preceding stage, incompletely fused to basis, with minute element 
at tip; exopod indistinctly 2-segmented. Leg 2 (Fig. 3K) with 
enlarged I-segment rami completely articulated at base. Leg 3 
(Fig. 3L, M) better developed single-segmented rami than that of 
preceding stage. Leg 4 (Fig. 3N) uniramous; exopod 2 segments, 
longer than that of preceding stage and with 5 setae. Setation 
formula of legs 1-4 as follows: 
Protopod Exopod Endopod 
Leg 1 1-1 1-0, 7-0 (vestigial) 
Leg 2 1-1 11-0 9-0 
Leg 3 1-1 10-0 6-0 
Leg 4 1-0 5-0 (absent) 
Leg 5 (Fig. 30) comprised of 2 papillae on posterolateral 
margin of genital complex, each with 1 plumose and 2 naked 
setae. 
Third chalimus, male (n = 10) (Fig. 4): Body length 2.15 ± 
0.06 (2.06-2.23) mm. Sexual dimorphism expressed in antenna; 
body (Fig. 4A, B) and other appendages almost same in shape 
and size as in corresponding-stage female. Antenna (Fig. 40, E) 
indistinctly 3-segmented; proximal segment with small basal 
posterolateral protrusion; middle segment longest, unarmed in 
both sexes; distal segment knoblike with 2 small elements 
subterminally and minute apical element. Anlagen of sternal 
furca (Fig. 4C) visible under intercoxal plate of leg 1. 
Fourth chalimus,female (n = 10) (Fig. 5): Body length 2.48 ± 
0.07 (2.37-2.57) mm. General appearance as in preceding stage, 
but sexual dimorphism more clearly expressed in genital complex, 
abdomen, and antenna. Body (Fig. 5A, B) longer than that of 
preceding stage; cephalothorax about 2.2 times longer than 
following somites and caudal rami combined; distinct frontal 
plates, H-shaped suture pattern delimiting cephalic, thoracic, and 
lateral zones. Frontal filament (Fig. 50) with 4 basal bulbs and 2 
pairs of connecting pads. Rudimentary lunules visible through 
cuticle of frontal plates (Fig. 5A). Genital complex larger and 
swollen laterally; free abdomen 1 segment; caudal ramus 
(Fig. 5N) rectangular, with 3 short and 3 long setae, all plumose. 
Antennule (Fig. 5C) proximal segment with 26 short plumose 
setae along anteroventral margin; distal segment bearing 11 naked 
setae and 2 aesthetascs at apex. Antenna (Fig. 5E) indistinctly 3-
segmented; incompletely separated protopodal segments; basis 
with short, stout posterolateral process; distal (= endopod) 
segment with 2 elements; apex claw-like. Post-antennary process 
(Fig. 5E) tapering posteriorly, with 4 papillae each bearing 2 or 3 
sensilla. Maxillule (Fig. 5F) as in preceding stage, but larger 
dentiform process. Maxilla (Fig. 5G) with distal segment more 
slender than in preceding stage. Maxilliped (Fig. 5H) with more 
distally curved claw than in previous stage. Rudiment of sternal 
furca of next stage visible beneath cuticle. Leg 1 (Fig. 51) 
proto pod with long, plumose seta and papilla bearing short 
setule on outer margin, small plumose seta on inner, distal edge; 
endopod more atrophied than in preceding stage, completely 
fused to basis, armed with 1 minute element at tip; exopod longer 
than in previous stage; proximal segment longer than distal one, 
fringed with membrane on inner margin and seta on outer distal 
edge. Leg 2 (Fig. 51) with enlarged 2-segmented rami completely 
articulated at base; outer basal seta longer than that of previous 
stage. Leg 3 (Fig. 5K) with indistinctly divided protopod; 
endopod indistinctly 3-segmented; exopod indistinctly 2-segment-
ed, outer spine on first exopodal segment stout and reflexed over 
surface of segment, apron fringed by marginal hyaline membrane. 
Leg 4 (Fig. 5L) uniramous; exopod 2 segments, longer than that 
of preceding stage. Setation formula of legs 1-4 as follows 
(Roman numerals = spines and Arabic numerals = setae): 
Protopod Exopod Endopod 
Leg 1 0-0; 1-1 1-0; III, 1, 3 (vestigial) 
Leg 2 0-1; 1-0 I-I; I-I; II, I, 5 0-1; 8 
Leg 3 0-1; 1-0 1-0; I-I; III, 4 0-1; 6 
Leg 4 0-0; 1-0 1-0; I, III (absent) 
Leg 5 (Fig. 5M) comprised of 2 papillae on posterolateral 
margin of genital complex, each with 1 and 2 plumose setae. 
Fourth chalimus, male (n = 10) (Fig. 6): Body length 3.26 ± 
0.25 (2.99-3.6) mm. Sexual dimorphism expressed in body size 
and shape of genital complex (Fig. 6A, B), antenna (Fig. 60), and 
leg 6 (Fig. 6F); other appendages almost same in shape and size as 
corresponding female. Antenna (Fig. 60) indistinctly 3-segment-
ed; proximal segment with tiny basal posterolateral protrusion; 
middle segment longest, unarmed; distal segment knoblike with 3 
spiniform elements subterminally and blunt apical process. 
Rudiment of sternal furca (Fig. 6C) visible anterior to intercoxal 
plate of leg 1. Leg 6 (Fig. 6B, F) present on ventromedial surface 
of genital complex, posterior to leg 5 (Fig. 6E). 
Chalimus adult,female (n = 10) (Fig. 7): Body length 3.36 ± 
0.14 (3.12-3.5) mm. General appearance as that of mobile adult 
illustrated by Izawa and Choi (2000), except for smaller genital 
complex and presence of frontal filament. Body (Fig. 7 A, B) 
longer than that of preceding stage; cephalothorax 1.3 times 
longer than following somites and caudal rami combined, with 
marginal hyaline membrane on cephalic shield, frontal plates, and 
outer rim of posterior sinuses. Frontal filament (Fig. 7B) with 5 
basal bulbs and 3 pairs of connecting pads. Lunules (Fig. 7C) 
completely developed and visible in frontal plate. Genital complex 
larger and swollen laterally into quadrangular shape; free 
abdomen 1 segment; caudal ramus (Fig. 7P) rectangular, with 3 
short and 3 long setae, all plumose. 
Antennule (Fig. 70) proximal segment with 26 short plumose 
setae along anteroventral margin; distal segment bearing 14 naked 
setae and 2 aesthetascs at apex. Antenna (Fig. 7E) indistinctly 4-
segmented; incompletely separated protopodal segment repre-
sented by 2 curved, sternal swellings; proximal endopodal 
segment with stout process medio-proximally; middle endopodal 
segment thick, longer than wide, without blunt process laterally as 
seen in mobile adult female (see Izawa and Choi, 2000); distal 
endopodal segment with recurved terminal claw armed with 2 
basal spiniform elements. Post-antennary process (Fig. 7E) 
tapering posteriorly, with 4 papillae each bearing 1, 2, or 3 
sensilla. Maxillule (Fig. 7F) with dentiform process as triangular 
plate, narrower posteriorly; papilla bearing 2 short and 1 long 
setae. Maxilla (Fig. 7G) brachiform; proximal segment (= 
lacertus) unarmed; distal segment (= brachium) more slender 
than that of preceding stage, with striated hyaline membrane (= 
flabellum) (Fig. 7H) medially at mid-length and long (= calamus) 
and short (= cana) terminal elements. Maxilliped (Fig. 71) as in 
previous stage; 3 segments; middle segment with 2 minuscule 
spiniform elements on medial region. Sternal furca (Fig. 7J) well 
developed; with slightly spread and blunt tines, narrow lateral 
membrane visible beneath cuticle. 
Leg 1 (Fig. 7K) protopod with long plumose seta and papilla 
bearing 2 long setules on outer margin, stout plumose seta on 
medio-distal edge; endopod more atrophied than that of 
preceding stage; exopod 2 segments, longer than that of preceding 
stage; proximal segment longer than distal segment, fringed with 
membrane on inner margin and spiniform element on outer distal 
edge; distal segment with 3 plumose setae subterminally on inner 
margin; 3 short spiniform elements of equal size and long naked 
seta terminally on outer margin. Leg 2 (Fig. 7L) with 3-segmented 
rami; coxa small with large, plumose, inner seta on posterior edge 
and setule-bearing papilla on ventral surface; basis with small 
naked setae on outer edge, narrow membrane along posterior 
margin and setule-bearing papilla on ventral surface close to base 
of posterior marginal membrane; exopod proximal segment with 
large marginal membrane, extending to bases of distal segment; 
endopodal segments with outer surfaces covered with setules. Leg 
3 (Fig. 7M) with distinctly divided protopod; protopod with long, 
plumose, inner seta anteriorly to posterior marginal membrane; 
outer margin anterior to hyaline membrane corrugated; setule-
bearing papilla on ventral surface close to outer ~nd inner ends of 
hyaline membrane; velum well developed and fringed with hyaline 
membrane; exopod distinctly 3-segmented; proximal segment with 
membrane on lateral margin, spine (Fig. 7N) bearing lateral 
hyaline membrane; endopod distinctly 2-segmented. Leg 4 
(Fig. 70) as in mobile adult (see Izawa and Choi, 2000); 
uniramous; protopod with short, plumose seta on outer distal 
corner; exopod 2 segments, proximal segment with 2 sensilla; 
distal segment twice as long as proximal segment, with 2 stout 
marginally indented processes at base of 2 of 3 terminal spines. 
Setation formula of legs 1-4 as follows (Roman numerals = 
spines and Arabic numerals = setae): 
Protopod Exopod Endopod 
Leg 1 0-0; 1-1 1-0; III, 1, 3 (vestigial) 
Leg 2 0-1; 1-0 1-1; 1-1; II, I, 5 0-1; 0-2; 6 
Leg 3 0-1; 1-0 1-0; 1-1; III, 4 0-1; 6 
Leg 4 0-0; 1-0 1-0; I, III (absent) 
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Leg 5 (Fig. 7P) represented by 2 papillae on posterolateral 
margin of genital complex, each with 1 subterminal and 2 unequal 
plumose terminal setae. 
Chalimus adult, male (n = 10) (Fig. 8): Body length 3.91 ± 
0.12 (3.68-4.11) mm. Sexual dimorphism expressed in body size 
and shape of genital complex (Fig. 8A), antenna (Fig. 8B, C), 
maxilliped (Fig. 8D, E), abdomen (Fig. 8A) and rudimentary leg 
6 (Fig. 81); other appendages almost same in shape and size as in 
corresponding-stage female and mobile adult male and female. 
Frontal filament (Fig. 8A) with 5 basal bulbs and 4 pairs of 
connecting pads as in chalimus adult female. Antenna (Fig. 8B, 
C) 5 segments; coxa elongate, connected proximally to base of 
post-antennal process, with adhesion pad medio-distally; basis 
wider than long, unarmed; endopod 3 segments shorter distally; 
proximal segment with adhesion pad on anteromedial surface; 
middle segment with similar adhesion pad medially; distal 
segment (Fig. 8C) tapered distally, laterally flattened, fringed 
with 2 pieces of membrane; with small plumose seta proximally on 
anterior side and small naked seta proximally on posterior side. 
Maxilliped (Fig. 8D, E) 3 segments; proximal segment (= corpus) 
stout, twice as long as wide; myxal area comprised of 3 unequal 
protuberances (Fig. 8E), proximal protuberance with corrugated 
pad on anterodistal margin; distal segment (= brachium) as in 
female, but barbel at base of claw relatively longer. Sternal furca 
(Fig. 8F) larger than in chalimus adult female, well developed, 
with slightly spread and blunt tines and narrow lateral membrane. 
Leg 4 (Fig. 8G, H) well developed. Rudimentary leg 6 (Fig. 81) on 
ventromedial surface of genital complex, represented by genital 
papilla posteriorly bearing 2 pinnate setules. 
DISCUSSION 
Developmental stages of Ca/igus latigenitalis 
Caligus latigenitalis has 6 postnaupliar stages, including 4 
semaphoronts: 1 copepodid stage consisting of 1 infective copepodid 
and 1 chalimus copepodid, 4 chalimus stages, and 1 adult stage with 1 
chalimus adult and 1 mobile adult. Even though the naupliar stages 
of C latigenitalis have not been described yet, it can be assumed that 
there are 2, as in other caligid species studied so far (Table I). 
The chalimus stages of C latigenitalis can be easily identified to 
stage by the structure of the frontal fIlament, with 1 base being added 
at each molt, and the discrete size ranges at each stage. Among caligid 
species, Caligus centrodonti Baird, 1850, Caligus curtus Miiller, 1785, 
Caligus elongatus von Nordmann, 1832, Caligus orientalis Gusev, 
1951, Caligus pageti Russel, 1925, Caligus punctatus Shiino, 1955, and 
Pseudocaligusfugu Yamaguti, 1936, can be identified to the chalimus 
stage using the basal structure of the frontal fIlament as a "stage 
indicator" (Piasecki and MacKinnon, 1993). Differences in body size 
between males and females of C latigenitalis are distinguishable ftrst 
at the third chalimus stage, with the males (2.06-2.23 mm; 2.15 ± 
0.06 mm) being larger than the females (1.69-1.87 mm; 1.77 ± 
0.05 mm). The chalimus stages of C latigenitalis have mean body 
lengths (BL) of 0.78, 1.06, 1.77, and 2.48 mm for the ftrst, second, 
third, and fourth chalimus stages, respectively, in accordance with the 
body ranges of C centrodonti, C pageti, and C punctatus. However, 
the body length of the chalimus stages varies significantly among 
Caligus species (Table II). Based on those body-size variations, we 
can conclude that the growth of C latigenitalis follows a similar 
pattern to those of C centrodonti, C pageti, and C punctatus. 
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TABLE I. Developmental stages in caligid copepods. N, nauplius; Co, copepodid; Ch, chalimus; Pa, preadult. 
Species 
Caligus centrodonti Baird, 1850 
Caligus clemensi Parker & Margolis, 1964 
Caligus curtus Miiller, 1785 
Caligus elongatus von Nordmann, 1832 
Caligus epidemicus Hewitt, 1971 
Caligus diaphanous von Nordmann, 1832 
Caligus labracis Scott, 1902 
Caligus latigenitalis Shiino, 1954 
Caligus minimus Otto, 1821 
Caligus orientalis Gusev, 1951 
Caligus pageti Russel, 1925 
Caligus punctatus Shiino, 1955 
Caligus rapax Milne-Edwards, 1840 
Caligus rotundigenitalis Yii, 1933 
Caligus spinosus Yamaguti, 1939 
Pseudocaligus fugu Yamaguti, 1936 
Lepeophtheirus dissimulatus Wilson, 1905 
Lepeophtheirus hospitalis Fraser, 1920 
Lepeophtheirus pectoralis (Miiller, 1776) 
Lepeophtheirus salmonis (Krl2lyer, 1837) 
• Stages based on Kabata's (1972) interpretation. 
N 
2 
2 
2 
2 
2 
2 
? 
? 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
The measurements of the second chalimus stage and the female 
of the fourth chalimus agree with those reported by Izawa (2004), 
but clear differences are found in the male of the fourth chalimus 
stage. He measured a 2.32-mm BL for the male of this stage, being 
smaller than the female (2.45 mm). In the present study, however, 
the male of the fourth chalimus stage has a mean BL of 3.26 mm, 
and the female is smaller (2.48 mm). It is possible that Izawa 
(2004) made a mistake in his observations because his data were 
based on 1 specimen and his results do not agree with the growth 
pattern of the adults of C. latigenitalis, with males being 
significantly larger than females (lzawa and Choi, 2000). 
The number of elements in the proximal segment of the 
antennule of C. latigenitalis (Table III) increases from the first to 
the fourth chalimus stage after molting. However, the number of 
elements remains unchangeable after molting into the adult stage 
(Table III). The formula of the number of elements in the 
proximal segment of the antennule from the first chalimus to the 
adult stage is 3-7-19-26-26. Unchangeable numbers of elements 
between the fourth chalimus and adult stages have been reported 
for Caligus clemensi Parker and Margolis, 1964, C. elongatus, 
Caligus epidemicus Hewitt, 1971, Caligus minimus Otto, 1821, C. 
punctatus, and Caligus rotundigenitalis Yii, 1983 (=Caligus 
multispinosus Shen, 1957) (Kabata, 1972; Caillet, 1979; Kim, 
1993; Lin et aI., 1996; Piasecki, 1996; Ho and Lin, 2004). In 
contrast, the number of elements in the proximal segment of the 
antennule increases from the fourth chalimus stage to the adult in 
C. centrodonti, C. pageti, C. orientalis, Caligus spinosus Yamaguti, 
1939, and P. fugu (Gurney, 1934; Hwa, 1965; Izawa, 1969; Ben 
Hassine, 1983; Choi and Izawa, 2000; Ohtsuka et aI., 2009) 
(Table III). 
In C. latigenitalis, sexual dimorphism is first observed at the 
third chalimus stage based on the morphological differences of the 
distal segment of the antenna and segmentation of the abdomen. 
Males develop leg 6 at the fourth chalimus stage. Similarly, C. 
Co 
? 
? 
Ch 
4 
4 
4 
4 
6 
? 
? 
4 
4 
4 
4 
4 
? 
4 
4 
4 
4 
4 
4 
4 
Pa 
? 
2 
2 
2 
2 
Author 
Gurney (1934) 
Kabata (1972) 
Heegaard (1947)" 
Piasecki (1996) 
Lin et al. (1996) 
Heegard (1947) 
Gurney (1934) 
Izawa (2004); this study 
Caillet (1979) 
Hwa (1965) 
Ben Hassine (1983) 
Kim (1993) 
Heegaard (1947) 
Ho and Lin (2004) 
Izawa (1969)" 
Ohtsuka et al. (2009) 
Lewis (1963)" 
Voth (1972)" 
Boxshall (1974) 
Johnson and Albright (1991) 
clemensi, C. elongatus, and C. punctatus exhibit sexual dimor-
phism in the shape of the distal segment of the antenna and 
segmentation of the abdomen (Kabata, 1972; Kim, 1993; Piasecki, 
1996). In comparison with C. latigenitalis, C. rotundigenitalis can 
be sexually differentiated as early as at the second chalimus stage 
by the lateral indentation on the third free somite (genital 
complex) (Ho and Lin, 2004). On the other hand, C. centrodonti, 
C. epidemicus, C. pageti, and C. minimus are sexually differenti-
ated at the fourth chalimus stage and C. curtus at the adult stage 
(Gurney, 1934; Heegaard, 1947; Caillet, 1979; Ben Hassine, 1983; 
Lin et aI., 1996). 
Izawa (2004) stated that the post-antennary processes reap-
peared at the second chalimus stage of C. centrodonti, C. 
punctatus, and C. rotundigenitalis, but it did not reappear at the 
second chalimus stage of C. latigenitalis and C. clemensi. In 
contrast to his observations, our study suggests that C. 
latigenitalis is closer to C. centrodonti, C. elongatus, C. pageti, 
C. punctatus, C. rotundigenitalis, and C. spinosus in carrying the 
anlagen of post-antennary process at the second chalimus stage. 
In C. clemensi, C. curtus, C. epidemicus, and C. minimus, the 
second chalimus stage lacks a post-antennary process, but it will 
appear in later stages. Only in C. orientalis the process is retained 
throughout all the chalimus stages. In addition, as observed only 
in C. elongatus, small denticles are visible anteriorly to the post-
antennary process at the second chalimus stages. In comparison 
with C. elongatus, C. latigenitalis has a double knob-like denticle, 
disappearing after molting into the third chalimus stage. In C. 
elongatus, this small denticle is a single dentiform protrusion 
appearing first at the third chalimus stage and retained until the 
fourth chalimus stage. 
Additional differences between Izawa's (2004) description of 
the second and fourth chalimus stages and our specimens are 
found in the number and ornamentation of setae in the oral and 
pedigerous appendages. For example, the distal segment of the 
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TABLE II. Ranges of body length in millimeters of the chalimus stages of the family Caligidae 
Species Chalimus I Chalimus II Chalimus III Chalimus IV Reference 
Caligus centrodonti Baird, 1850 0.7-0.8 1.1-1.2 \.7-1.9 2.77 (3.2) Gurney (1934) 
Caligus clemensi Parker & Margolis, 1964 0.84-1.00 1.24-1.44 1.20-1.44 2.76-3.10 Kabata (1972) 
Caligus curtus Muller, 1785 1.5* 2.5* Heegaard (1947) 
Caligus elongatus von Nordmann, 1832 0.82 ± O.lt 1.34 ± O.l3t 2.34 ± 0.22t 3.79 ± 0.29t Piasecki (1996) 
Caligus epidemicus Hewitt, 1971t 0.53-0.60 0.62-0.67 0.71-0.78 0.92-0.97 Lin et al. (1996) 
Caligus diaphanous von Nordmann, 1832 Heegard (1947) 
Caligus labracis Scott, 1902 Gurney (1934) 
Caligus latigenitalis Shiino, 1954 0.78 ± 0.08t 1.06 ± 0.06t 1.77 ± 0.05t 2.48 ± 0.07t Izawa (2004); this study 
Caligus minimus Otto, 1821 1.64* 1.29* 1.83* 2.24* Caillet (1979) 
Caligus orientalis Gusev, 1951 0.81-0.93 1.18-1.41 1.37-2.25 2.35-2.51 Hwa (1965) 
Caligus pageti Russel, 1925 0.74 ± 0.08t 1.23 ± 0.30t 2.17 ± 0.04t 3.82 ± 0.04t Ben Hassine (1983) 
Caligus punctatus Shiino, 1955 0.68-0.77 0.91-1.17 1.48-1.81 2.20-2.78 Kim (1993) 
Caligus rapax Milne-Edwards, 1840 Heegaard (1947) 
Caligus rotundigenitalis YU, 1933 0.71 * 0.99* 1.42* 1.85* Ho and Lin (2004) 
Caligus spinosus Yamaguti, 1939 0.73* 0.94* 1.\6* 1.63* Izawa (1969) 
Lepeophtheirus dissimulatus Wilson, 1905§ 0.7§ 0.81§ 1.01§ 1.21§ Lewis (l963)§ 
Lepeophtheirus hospitalis Fraser, 1920§ 0.89-1.05 0.98-1.22 1.38-1.90 1.61-1.98 Voth (l972)§ 
Lepeophtheirus pectoralis (Muller, 1776)§ 1.03-1.28 1.24-1.46 1.48-1.91 1.74-2.16 Boxshall (1974) 
Lepeophtheirus salmon is (Kroyer, 1837)§ 1.1* 1.3* 1.8-2.3 2.3* Johnson and Albright (1991) 
Pseudocaligus fugu Yamaguti, 1936 0.73 ± 0.07t 1.09 ± 0.05t 1.44 ± O.13t 2.77 ± O.l7t Ohtsuka et al. (2009) 
• Only mean is given. 
t Means ± standard deviation. 
1: Two additional stages; Ch V = 1.15-1.17, Ch VI = 1.3-\.59. 
§ Stage was not specified. 
antenna in his description is depressed and ornamented with 2 
small processes, whereas our specimens possess a distal tip slender 
terminally, with 3 short spiniform elements subterminally. He 
reported the maxillule of the second chalimus to be a stout, 
triangular process accompanied by a papilla bearing 2 setae; 
however, 3 setae can be observed in the papilla anterior to the 
triangular process of the maxillule. The distal segment of the 
maxilla possesses flagellated spines at the second chalimus of our 
specimens, but naked in his description. The 2 marginal setae at 
the basis of leg 1 are plumose in our specimens at the second 
chalimus stage, but were naked in his description. In addition, our 
specimens are characterized by possessing 8 elements in the 
exopodal rami ofleg 3, while he reported only 6 elements. Finally, 
all the setae in the caudal rami are plumose in our specimens from 
the second chalimus to the adult stage, while he reported only the 
terminal seta being plumose. The fourth chalimus stage in our 
specimens possesses the post-antennary process, which tapers 
posteriorly, with 4 papillae each bearing 1, 2, or 3 sensilla, in 
contrast to the 3 papillae as he reported. Three setae, 1 minute 
naked and 2 robust plumose, are found at the basis of leg 1 at the 
fourth chalimus stage in our specimens, while he reported leg 1 
carrying 2 naked setae at basis. The coxal seta of leg 3 is plumose 
and the apron is fringed for the first time by a marginal hyaline 
membrane, whereas in his description this coxal seta is naked and 
there is no marginal membrane along the apron of leg 3. Finally, 
the male of fourth chalimus stage is characterized by possessing a 
papilla bearing 3 setae in leg 6, but in his description only 2 setae 
are present on the papilla of this leg. 
The oral appendages, including the maxilliped, show the fewest 
changes in development throughout the chalimus stages. For 
example, the antenna, which is highly functional in the copepodid 
stage, is reduced at the early chalimus stages. This appendage in 
C. latigenitalis shows sexual dimorphism as early as at the third 
chalimus stage. However, the exo- and endopods of legs 1-4 show 
an increase in number of segments, setae, and setae ornamenta-
tion at each molt from the first to the fourth chalimus stage. Leg 4 
appears first at the second chalimus stage as in C. clemensi, C. 
elongatus, C. epidemicus, C. punctatus, C. rotundigenitalis, and P. 
fugu. However, in C. centrodonti, C. curtus, C. minimus, C. pageti, 
and all Lepeophtheirus species, leg 4 appears as early as at the first 
chalimus stage. In C. latigenitalis, leg 5 appears at the second 
chalimus stage as a small spiniform process on the posterolateral 
margin of the indistinct genital complex. Leg 5 is known to appear 
also at the second chalimus stage in C. centrodonti, C. curtus, C. 
minimus, and C. pageti. In contrast, leg 5 is first visible at the third 
chalimus stage in C. elongatus, C. punctatus, C. rotundigenitalis, 
and P. fugu, at the fourth chalimus stage as in C. epidemicus, or as 
late as at the "chalimus adult" (previously known as "preadult") 
in C. clemensi. 
New proposed terminology 
Of the more than 450 species of copepods belonging to the 
Caligidae, the complete life cycle is only known for 16 species 
(Table I), representing Caligus Muller, 1785 (11 species), 
Lepeophtheirus von Nordmann, 1832 (4 species), and P. fugu 
Yamaguti, 1936 (Ho and Lin, 2004; Ohtsuka et aI., 2009). All 
caligids have 2 nauplii, 1 copepodid, 4 or 6 chalimi, 0 or 2 
"preadults," and 1 adult (Kabata, 1972; Ho and Lin, 2004; 
Ohtsuka et aI., 2009) (see Table I). However, throughout the 
years, the nomenclature of developmental stages, especially the 
penultimate stage, has created controversy and confusion among 
copepodologists. Ho and Lin (2004) recommended using the term 
"young adult" (Kim, 1993) for the penultimate stage in the life 
cycle of Caligus spp., instead of using the term "preadult" 
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TABLE III. Developmental stages possessing different number of setae on the proximal segment of the antennule in 16 caligid species. Ch, chalimus; Pa, preadult. :> r 
0 
'Tl 
No. of setae 'U :> 
::rJ 
Copepod species Ch I Ch I-II Ch I-III Ch II Ch III Ch III-IV ChIV ChV Ch VI Pa I Pa II Adult Reference :> (fJ 
=i 
Caligus centrodonti Baird, 3 7 >13 >14 >21 Gurney (1934) 0 r 0 
1850 Gl 
Caligus clemensi Parker & 3 8 18 26 26 Kabata (1972) .-< < 
Margolis, 1964 0 , 
Caligus elongatus von 3 7 18 29 29 Piasecki (1996) to 
Nordmann, 1832 : ..... z 
Caligus latigenitalis Shiino, 3 7 19 26 26 Izawa and Choi (2000); () 
1954 Izawa (2004); this study !'> 
Caligus minimus Otto, 3 7 19 26 26 Caillet (1979) :> 'U 
1821 =!1 r 
Caligus orientalis Gusev, 3 6 >13 >22 30 Hwa (1965) '" S 
1951 
Caligus pageti Russel, 1925 2 10 17 >11 >21 Ben Hassine (1983) 
Caligus punctatus Shiino, 3 7 22 29 27-29 Kim (1993) 
1955 
Caligus rotundigenitalis 3 7 22 29 27-29 Ho and Lin (2004) 
Yii, 1933 
Caligus spinosus 4 17 14117 26 27 Izawa (1969); Choe and 
Yamaguti, 1939 Kim (2010) 
Pseudocaligus fugu 3 7 18 27 28 Ohtsuka et al. (2009) 
Yamaguti, 1936 
Caligus epidemicus Hewitt, 7 20 27 27 Lin et al. (1996) 
1971 
Lepeophtheirus 1-11 9-12 19 24 40 Lewis (1963) 
dissimulatus Wilson, 
1905 
Lepeophtheirus hospitalis 4 11112 >15 >16 20 Voth (1972) 
Fraser, 1920 
Lepeophtheirus pectoralis 7 13/14 20 27 27 Boxshall (1974) 
(M illler, 1776) 
Lepeophtheirus salmonis 7 13/14 20 27 27 Johnson and Albright 
(Kmyer, 1837) (1991) 
(Kabata, 1972; Boxshall, 1974; Ben Hassine, 1983; Lin and Ho, 
1993) or "chalimus V" (Hwa, 1965; Caillet, 1979; Heegaard, 1947; 
Piasecki and MacKinnon, 1993) because no molt occurs between 
the "preadult" or "chalimus V" and the adult. Nevertheless, while 
describing the developmental stages of C. latigenitalis, we 
encountered difficulties assigning the most appropriate name to 
those transitional intervals or semaphoronts, within the copepo-
did and adult stages possessing the frontal filament, but 
unsuitable for the definition of "chalimus." "Chalimus" is defined 
as the postcopepodid stages attached to the host by means of the 
frontal filament (Huys and Boxshall, 1991). However, the actual 
definition of "chalimus" already includes the terms "postcope-
podid" and "stage," which excludes the copepodid stage and 
those transitional intervals with frontal filament, but without 
molting. 
To avoid future confusion, the present study has proposed a 
new set of terms for the developmental stages of caligids by 
amending the definition of "chalimus." At first, we review the 
definition of the terms "stage" and "semaphoront." "Stage" is 
defined as a period of development between 2 molts in which 
the exoskeleton does not change (Ferrari and Dahms, 2007); 
"semaphoront" is defined as each morphological phase of an 
organism in different times in which it is examined during its 
lifetime (Hawksworth, 2010). Based on these terms, we amend 
the definition of chalimus as the postnaupliar stages, as well as 
semaphoronts, having the frontal filament for attachment to the 
host. Here, the postnaupliar stages refer to those steps after the 
nauplii, including the copepodid, chalimus I-IV, and adult. 
These postnaupliar stages in the life cycle of caligid cope pods 
correspond to the 6 copepodid stages (Co I-VI), respectively, 
reported in the life cycle of other copepod groups (Ferrari and 
Dahms, 2007). Accordingly, the life cycle of caligid copepods, 
especially species of Caligus and Pseudocaligus, is composed of 8 
stages, i.e., 2 nauplius (N I-II), 1 copepodid (Co), 4 chalimus 
(Ch I-IV), and 1 adult (A). In case of the copepodid and adult 
stages, 2 semaphoronts can be distinguished within each stage, 
i.e., infective copepodid (lCo), chalimus copepodid (Ch Co), 
chalimus adult (Ch A), and mobile adult (MA). These new 
terms are included into the life cycle of caligid copepods to deal 
with those transitional intervals, semaphoronts, within the 
stages that have been causing controversy in past and present 
studies. 
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DIFFERENT SCALES OF SPATIAL SEGREGATION OF TWO SPECIES OF FEATHER MITES 
ON THE WINGS OF A PASSERINE BIRD 
Alexandre Mestre, Francese Mesquita-Joanes, Heather Proctor', and Juan S. Monrost 
Department of Microbiology and Ecology, University of Valencia, Dr Moliner 50, E-46100 Burjassot, Spain. e-mail: alexandre.mestre@uv.es 
ABSTRACT: The "condition-specific competition hypothesis" proposes that coexistence of 2 species is possible when spatial or 
temporal variations in environmental conditions exist and each species responds differently to those conditions. The distribution of 
different species of feather mites on their hosts is known to be affected by intrinsic host factors such as structure of feathers and friction 
among feathers during flight, but there is also evidence that external factors such as humidity and temperature can affect mite 
distribution. Some feather mites have the capacity to move through the plumage rather rapidly, and within-host variation in intensity 
of sunlight could be one of the cues involved in these active displacements. We analyzed both the within- and between-feather spatial 
distribution of 2 mite species, Trouessartia bifurcata and Dolichodectes edwardsi, that coexist in flight feathers of the moustached 
warbler Acrocephalus melanopogon. A complex spatial segregation between the 2 species was observed at 3 spatial levels, i.e., "feather 
surfaces," "between feathers," and "within feathers." Despite certain overlapping distribution among feathers, T. bifurcata dominated 
proximal and medial regions on dorsal faces, while D. edwardsi preferred disto-ventral feather areas. An experiment to check the 
behavioral response of T. bifurcata to sunlight showed that mites responded to light exposure by approaching the feather bases and 
even leaving its dorsal face. Spatial heterogeneity across the 3 analyzed levels, together with response to light and other particular 
species adaptations, may have played a role in the coexistence and segregation of feather mites competing for space and food in 
passerine birds. 
Knowing the patterns of spatial distribution and the processes 
that generate them are essential to understanding the ecology of 
populations and communities (Amarasekare et aI., 2004). These 
patterns can provide important clues about coexistence mecha-
nisms of interacting individuals and species within communities 
(Dammhahn and Kappeler, 2008). 
Observed spatial segregation between 2 species of the same 
ecological guild is often explained by competition (Pianka, 2000). 
Ecological theory and empirical data indicate that competition 
should lead to exclusion of one of the interacting species when 
resources are limited (Gause, 1932; Tilman, 1982). Nevertheless, 
competitive exclusion can be avoided through various mecha-
nisms (Tilman, 1982; Chesson, 2000; Calcagno et aI., 2006; 
Leisnham and Juliano, 2009). One hypothesis that can explain 
coexistence of 2 competitors is "condition-specific competition" 
(Chesson, 2000), which proposes that coexistence is possible when 
spatial or temporal variations in environmental conditions exist 
and each species responds differently to those conditions. For a 
given species in a heterogeneous environment, intraspecific 
competition must be stronger than interspecific competition in 
favorable areas and, in contrast, interspecific competition is 
expected to be stronger in areas with non-optimal conditions for 
that species. As a result, the competing species are restricted to 
species-specific favorable parts of the habitat and are excluded 
from the unfavorable parts. This leads to spatial segregation, 
allowing local stable coexistence at the larger scale. 
Spatial heterogeneity is considered one of the most important 
elements that favor species coexistence (Segurado and Fiqueiredo, 
2007), and it can also be a factor generator of spatial segregation 
itself, even without the reinforcement of competition. In this case, 
each species displays adaptations that allow it to inhabit the 
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regions that the other species does not tolerate, without previous 
competitive exclusion. 
"Habitat" is not always easy to define for organisms free to 
roam a wide area, e.g., forest-dwelling birds. However, it is easier 
to demarcate for obligatory symbionts of animals, i.e., "habitat" 
= the host. An individual host has clear edges. Much research on 
endosymbionts, e.g., intestinal helminthes, has demonstrated that 
spatial distribution of symbionts is affected by both competition 
and by adaptation to particular microhabitats (Poulin, 2006). 
Less research has been aimed at ectosymbionts, although a recent 
study on feather lice has shown that species inhabiting body 
feathers can exclude wing lice from this preferred feeding area 
(Bush and Malenke, 2008); however, body lice do not have the 
morphological adaptations to venture out on the wings, where 
wing lice are able to maintain a firm hold. 
Feather mites (Arachnida: Acari) are obligatory epibionts of 
birds and are represented by approximately 2,500 named species 
belonging to 2 superfamilies of the cohort Astigmatina: Analgoi-
dea, and Pterolichoidea. A previously named third superfamily, 
Freyanoidea, is considered to be nested within the Pterolichoidea 
(OConnor, 1982, 2009). The large majority of known species of 
feather mites live permanently on the surface of feathers. For the 
most part, these plumicolous mites feed on preen oil produced by 
the uropygial gland and detritus associated with the surface of the 
barbules (Blanco and Tella, 2001; Galvan et aI. 2008). 
Many groups of feather mites are specialized for living on the 
surfaces of flight feathers. These are very stressful microenviron-
ments, with low humidity and strong aerodynamic and frictional 
forces (Dubinin, 1951). To withstand these adverse conditions, 
mites that live on the vanes of flight feathers (hereafter "vane-
dwelling mites") have acquired a number of adaptations, 
including reduction of dorsal setae, extensively sclerotized dorsal 
plates, flattened bodies, and strong legs laterally inserted into the 
body (Dabert and Mironov, 1999; Proctor, 2003). 
There are some studies on the patterns of distribution of vane-
dwelling mites, but almost all deal with the distribution at the 
"between feathers" spatial level (e.g., Dubinin, 1951; Wiles et aI., 
2000; Mironov and Malyshev, 2002; Bridge, 2003; Jovani and 
Serrano, 2004). Only a few works examine the mite distribution 
within feathers, and all of them focus on non-passerine birds 
238 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.2, APRIL 2011 
(Choe and Kim, 1989, 1991). The distribution of mites between, 
and within, feathers can be affected by microhabitat factors such 
as turbulences, humidity, or temperature (Dubinin, 1951; Wiles et 
aI., 2000). Some studies have revealed an effect of host molting 
status on the distribution of mites among flight feathers (Jovani 
and Serrano, 2001; Jovani et aI., 2006; Pap et aI., 2006). The 
transmission of feather mites between host birds occurs, in most 
cases, from parents to nestlings, and some studies have focused on 
the feather mite distribution in nestlings (Mironov and Malyshev, 
2002). Many species of vane-dwelling feather mites are capable of 
crawling through the plumage rather rapidly, and so changes in 
mite distribution on a host can take place within a few minutes 
(Jovani and Serrano, 2004). Little research has been done to 
determine what stimuli induce mites to move to a different area. 
Light is one stimulus. Dubinin (1951) observed in sunning 
cormorants that vane-dwelling mites responded to light by 
moving to feather bases. McClure (1989) noted that birds caught 
at dusk and held until dark experienced a "crepuscular rush 'of 
mites' from the protection of the rachis out onto the vanes." 
Temperature also affects mite location on the host. Dubinin 
(1951) placed starlings in an icehouse and observed that mites 
moved off the wings and toward the host's body. Likewise, Wiles 
et ai. (2000) found that mites on the wings of blue tits moved in 
response to changes in ambient temperature. Mechanical cues 
may also playa role. Mites on molting bam swallows apparently 
sense the vibrations or changes in airflow of wing feathers about 
to drop out and move to a more stable feather (Pap et aI., 2006). 
Most species of flight feather mites live on the ventral surface of 
feathers (Dubinin, 1951; Proctor, 2003). The dorsal surface of 
flight feathers is a very adverse environment for many feather 
mite species because it is much smoother than the ventral surface 
and, therefore, environmental disturbances, such as wind, friction 
between feathers, sunlight, or preening by the host bird (Dubinin, 
1951; Choe and Kim, 1989), are difficult to stand. However, as an 
exception among the feather mites, almost all members of the 
analgoid trouessartiids (which currently includes 11 genera) are 
adapted to living on the upper surface of the vanes of flight 
feathers (Mironov, 1987). Species of Trouessartia have some 
features that appear to allow them to inhabit the dorsal smooth 
and strongly airflow disturbed surfaces of flight feathers, such as 
dark pigmentation, strongly sclerotized dorsal shields, lateral 
insertion of strong legs, opisthosomal lobes in both sexes, and 
large ambulacra (Dubinin, 1951; Proctor, 2003). 
The present work analyzes both the within- and between-
feather spatial distribution of 2 vane-dwelling feather mite species 
that coexist in the small (-220 mm2) flight feathers of the 
moustached warbler, Acrocephalus melanopogon, Temmick 1823 
(Passeriformes: Sylviidae). The mites are Trouessartia bifurcata, 
Troessart 1885 (Trouessartiidae) and Dolichodectes edwardsi, 
Troessart 1885 (Proctophyllodidae). In addition to analyzing the 
spatial distribution of these 2 species, we tested experimentally 
whether T. bifurcata individuals responded to direct sunlight in 
the same way as the mites observed by Dubinin (1951), i.e., 
moving to the feather bases. 
MATERIALS AND METHODS 
Our study focused on a population of A. melanopogon living in the 
Pego-Oliva's Natural Park (Valencia, Spain). Urios et aI. (1993) provide a 
general description to this protected wetland. The moustached warbler is a 
passerine bird associated with coastal lagoons and marshes with a 
Turkestan-Mediterranean distribution (Castany, 2004). The Pego-Oliva 
wetland contains the larger breeding population of this species in the 
Iberian Peninsula (Castany and Lopez, 2006). Birds were captured by 
means of mist nets and were all ringed. Numerous samples of each 
different morphotaxon of feather mites were sent to the Proctor 
laboratory for identification. Mites were cleared in lactic acid for 24 hr 
and mounted on slides in commercially available PV A medium (BioQuip 
Products, Rancho Dominguez, California, http://www.bioquip.com). The 
slides were cured for 4 days on slidewarmers at 40-45 C and then 
examined using a Leica DMLB compound microscope with differential 
interference contrast lighting. Mites were identified using Gaud and At yeo 
(1996) and Santana (1976). All but I of the several hundred specimens 
examined were either T. bifurcata or D. edwardsi. The single exception was 
a male Proctophyllodes cf. clavatus Fritsch (Proctophyllodidae). Since we 
only found I individual of this species after the examination of more 
feather samples from more bird individuals, we did not consider it likely to 
affect the results of our study. Slide-mounted exemplars are deposited in 
the E.H. Strickland Entomological Museum, University of Alberta, 
Edmonton, Alberta, Canada. Some mites and feathers preserved in 
ethanol were critical-point dried prior to observation using a Philips XL 
30 scanning electron microscope, at the University of Valencia, Valencia, 
Spain. Field and statistic work was divided in 2 parts (see below): (I) 
obtaining and analyzing data related to feather mite distribution on the 
host and (2) obtaining and analyzing behavioral data from an experiment 
testing effects of sunlight on the distribution of T. bifurcata. 
Acquisition and analysis of data on feather mite distribution 
Fieldwork to obtain data on feather mite distribution was carried out 
between December 2008 and early April 2009, coinciding with the 
moustached warbler pre-mating period (Castany, 2004). The study period 
was chosen in order to avoid possible effects of feather mite transmissions 
between birds during the breeding session (Mironov and Malyshev, 2002) 
and bird molting (Jovani et ai., 2006) on feather mite distribution. Birds 
were captured between 0700 and 1200 hr. We caught 37 birds, and for each 
bird we counted the number of feather mites (including both adults and 
nymphal stages) present on the right wing flight feathers (10 primary, 6 
secondary, and 3 tertiary feathers), always distinguishing between the 2 
feather mite species, T. bifurcata and D. edwardsi. For each of the 2 
species, we obtained 3 separate measures of abundance from each 
individual feather, corresponding to proximal, medial, and distal 
regions. A ruler was used to divide the feathers into 3 equal regions; 
mites were counted using a hand maguifier. The nomenclature used to 
designate feathers is based on bird molting processes (Jenni and Winkler, 
1994). 
The analysis of feather mite distribution was focused on 2 different 
spatial levels, i.e., between, and within, feathers. For the analysis of 
between-feather spatial distribution, the number of each mite species per 
feather was weighted dividing by feather's area in order to work with 
densities. For each mite species, we constructed a feather dendrogram 
using the Ward clustering method and Euclidean distance (Fielding, 2007) 
calculated with the hclust package for R-cran v. 2.9.2 (R Development 
Core Team, 2009) in order to obtain groups of flight feathers based on 
average feather mite density per feather type (feathers of a particular 
group, e.g., primaries, and position within the group, e.g., third primary). 
Then, we tested the differences between the resulting groups with a 
generalized linear mixed model (GLMM), testing a fixed effects factor 
(group of feathers) and a random effects factor (individual bird) (Brew 
and Maddy, 1995). The model family was Poisson and the link function 
was logarithmic. Since our data did not show overdispersion (for T. 
bifurcata, D = 128.71, P > 0.05; for D. edwardsi, D = 127.67, P > 0.05; 
overdispersion test by the qcc package from R-cran), we used a Z-Wald 
test, appropriate for GLMMs with no overdispersed data (Bolker et ai., 
2009). GLMM was performed using the lme4 package for R-cran. 
To analyze the distribution "within feathers," we applied a GLMM to 
data on feather mite number per feather region, with a fixed factor (feather 
region) and a randomized factor (individual bird). For this analysis, we 
did not consider feather PIO because there were no mites in any of the PIO 
feathers studied. Data on feather mites number per feather were 
overdispersed (for T. bifurcata, D = 63767.37, P < 0.01; for D. edwardsi, 
D = 60714.50, P < 0.01, R-cran qcc overdispersion test). Therefore, we 
chose a quasi-Poisson model family, which adds a correction parameter 
for the overdispersion (Zuur et ai., 2007), and logarithmic link function. 
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To test for the effects of the fixed factor "feather region" we used a t-Wald 
test, appropriate for overdispersed data (Bolker et al., 2009). 
Acquisition and analysis of experimental data for the response to 
sunlight in T. bifurcata 
Experiments were performed in the field during June 2009, a suitable 
period with regard to brightness of the day. We captured 29 birds during 4 
sessions between 0700 and 1200 hr on sunny days. From each bird, we 
took 2 flight feathers (of similar type) containing individuals of T. 
bifurcata, I from each wing. These 2 feathers were immediately placed on a 
cardboard sheet with a background of graph paper with a l_mm2 grid, and 
a high-resolution digital picture of their dorsal face was taken. One of the 
feathers was fully covered immediately with an opaque plastic cap ("dark 
feather") and the other was exposed to direct solar radiation on its dorsal 
face for 5 min ("light feather"), after which we took another photo of the 2 
feathers. Photos were taken using a Nikon D80 SLR camera with a Sigma 
105 mm objective. The camera was situated on a tripod in the same 
position during the experiment, to facilitate the subsequent calculations. 
Photos were later analyzed with a digital picture treatment software: Gimp 
v. 2.6 (GIMP Documentation Team, 2009). In Gimp, for all photos, we 
calculated distances from all T. bifurcata mites to the feather base, di (the 
basal point of the feather raquis where barbs start to appear). Then, we 
calculated the mean distance of mites to the feather base for each photo, 
dm • Finally, for each feather, we obtained the change in mean distance 
from mites to feather base, from the beginning, dmi, to the end of the 
experiment after 5 min, dmj : t1dm = dmj - dmi. 
To compare the differences in t1dm between illuminated and dark 
feathers, we applied a Student's t-test for paired data. Additionally, we 
used a t-test for paired data to compare the differences between the 
standard deviation of di at the beginning and the end of the experiment to 
check for mite clumping or dispersion. We also calculated the proportion 
of mites that remained in the dorsal face of the feather during the 
experiment with respect to the initial mites. To do this, we applied at-test 
for paired data to compare the number of mites that disappeared from the 
dorsal surface of illuminated versus dark feathers. Finally, to check for 
potential effects of time of day on the average change in mite distances, we 
applied a linear regression analysis using R-cran. 
RESULTS 
All captured birds for the analysis of feather mite dis-
tribution (n = 37) had mites belonging to the 2 species considered 
(mites are illustrated in Fig. 1). Birds presented an average 
number of 322 ± 175 feather mites of T. bifurcata and 117 ± 41 of 
D. edwardsi on the 19 right wing flight feathers analyzed. All 
individuals of T. bifurcata were found in the dorsal faces, while all 
the individuals of D. edwardsi were in the ventral surfaces of 
feathers. 
The 2 mite species presented a similar bimodal between-feather 
distribution, with 2 high density peaks separated by a depression 
in the wing center, which coincides with the transition between 
primary and secondary feathers and minimum densities on the 2 
extremes of the wings (Fig. 2). In both species, we can see an 
absence of, or very low, mite densities in the most external wing 
feathers, e.g., P7-PlO in T. bifurcata, that affect a greater number 
of feathers for D. edwardsi (P4-PlO), which shows a more 
restricted distribution and lower maximum densities. There is a 
partial overlapping between the distributions of both species; 
however, density peaks of D. edwardsi are slightly displaced 
toward the base of the wing in comparison with peaks of T. 
bifurcata (Fig. 2). 
Based on the cluster results for T. bifurcata, we classified 
feathers into 3 groups, according to mite density, i.e., low density 
group G[, intermediate density group Gm, and high density group 
Gh• The application of a GLMM gave significant differences 
between these 3 groups (Gm , Z = 2.26, P < 0.05; Gh , Z = 2.90, P 
< 0.05; Fig. 3; Table I). The dendrogram for D. edwardsi allows 
separation of 2 feather groups with low and high mite densities, 
respectively, i.e., g[ and gh with significant differences according to 
GLMM results (g[, Z = -3.55, P < 0.05; Fig. 3; Table I). 
The GLMM analysis of mite distribution "within feathers" for 
T. bifurcata showed that there were significantly fewer mites in 
distal than in proximal (Z = 43.20, P < 0.01) and medial (Z = 
50.20, P < 0.01) regions of individual feathers. In contrast, the 
number of D. edwardsi individuals was lower in medial (Z = 
-26.31, P < 0.01) and proximal (Z = -17.98, P <0.01) regions 
than distal ones (Table II). 
Results from the experiment on direct sunlight effect on T. 
bifurcata distribution showed that the absolute variation in 
average distance to the feather base !J.dm was higher in feather 
mites subjected to solar radiation than mites in darkness (t = 
-4.69, P < 0.01), that is, in the dark treatment, mites did not 
move far from their initial position (!J.dm = 0, t = -0.66, P = 
0.51), while "light" mites, on average, moved large distances 
toward the feather bases (!J.dm < 0, t = -4.65, P < 0.01; Fig. 4). 
We did not detect significant trends toward grouping or 
dispersion either for "light" mites (t = -0.93, P = 0.36) or for 
"dark" mites (t = -1.27, P = 0.21). The proportion of mites that 
left the dorsal face of the feather during the 5 min of the 
experiment was higher in "light" mites (for "light" mites, Jl. = 0.24 
± 0.31; for "dark" mites, Jl. = 0.02 ± 0.11; t = -4.55, P < 0.01). 
Some of the mites that left the dorsal face escaped from the 
feather, while others sought refuge from the ventral surface of the 
feather. There were no effects of the initial number of mites on 
!J.dm , either in "light" mites (F = 0.01, P = 0.91) or in "dark" 
mites (F = DAD, P = 0.53). There was also no significant effect of 
the time of the day on !J.dm (F = 0.58, P = 0045). 
DISCUSSION 
Mite distribution on dorsal and ventral feather surfaces 
The dorsal and ventral surfaces of flight feathers have very 
different microstructural and environmental features that are 
reflected in the different morphological adaptations of the 2 mite 
species under consideration. The distal barbule rows of flight 
feather barbs tend to bend in their distal part toward the ventral 
face of feathers. Moreover, the 2 barbule rows of a barb are 
inserted on the barb axis (ramus), so that the ramus is also 
projected, in height, toward the ventral surface of feathers. As a 
result, ventral surfaces of flight feathers are not smooth, and they 
offer protected space between the ramus of a barb and the barbule 
margins of the distal barbule row of the contiguous barb. This 
space is used by D. edwardsi, which have a very narrow, elongate 
(adults length around 450 J.Illl and width around 90 J.Illl) and 
torpedo-shaped body with slightly flattened ventral side (Fig. lA-
C). This allows them to rest adjacent to one side of the ramus, well 
protected against wind disturbances, friction within feathers, solar 
radiation, and preening by the host, but it also limits their 
mobility (Fig. 1D). In contrast, dorsal flight feather surfaces are 
completely smooth and without protection against aerodynamic 
and frictional stresses or solar radiation, but they offer a greater 
potential for rapid movement over the feather. Trouessartia 
bifurcata individuals also have a flattened, but much larger and 
more heavily sclerotized, body (520 J.Illl of length and 160 J.Illl of 
width [approximate]), with strong pigmentation (Proctor 2003) 
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FIGURE I. Scanning electron microscope pictures of Dolichodectes edwards! (A- D) and Trouessartia bifurcata (E- H). Dorsal (A, E), ventral (B, F) 
and lateral (C, G) views are shown. Different microhabitats (D, H) are also presented. Exuviae of D. edwards! on the ventral surface of feathers (D) and 
adults of T bifurcata (H) on the dorsal surface of feathers from moustached warbler. 
(Fig. I E- G) that allow them to accommodate themselves 
longitudinally over the barb ramus and, therefore, better resist 
the physical stresses of dorsal surfaces (Fig. IH). Moreover, they 
have more separated and prolongated forelegs, which likely 
provide them with greater mobility (Fig. IE, F). 
Mite distribution between feathers 
Feather mite distribution among flight feathers showed a 
similar pattern in the 2 species studied, with some small 
differences. The low density or absence of mites at the external 
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bifurcata (B) using the Ward method and the Euclidean distance. 
wing feathers, the concentration of mites to the central wing 
feathers, and the scarcity of mites in the first secondary feather 
(Sl) are shared features that have been described also in other 
vane-dwelling mite species (Choe and Kim, 1989; 10vani and 
Serrano, 2004). Although flight feathers of passerine birds do not 
present great variations in their structure compared with those of 
non-passerines (Dubinin, 1951), they can differ in their environ-
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TABLE 1. GLMM results on the distribution of Dolichodectes edwardsi and 
Trouessartia bifurcata between wing flight feathers of moustached warbler 
comparing different groups generated by the cluster analysis (Fig. 3). 
Feather Density 
Species group effect Estimate SE (mites/mm2) 
D. edwardsi gz -2.73 0.77 0.004 
gh 0.00 0.065 
Intercept -2.73 0.24 
T. bifurcata Gz 0.00 0.007 
Gm 2.36 1.05 0.068 
Gh 3.03 1.04 0.133 
Intercept -5.05 1.03 
mental conditions as a result of their different position in the 
wing. The strong stress generated by aerodynamic forces over the 
most external wing feathers could be one of the explanations for 
the absence of mites in this region. Furthermore, the scarcity of 
mites in feather SI, situated at the center of distribution, could 
result from the special aerodynamic features of this feather or the 
additional mechanical stress related to the friction between 
feathers resulting from the location of this feather at the wing 
articulation (Jovani and Serrano, 2004). However, inner density 
peaks of both species show a partial segregation, i.e., an 
overlapping, but discordant, spatial distribution (e.g., regarding 
feather types P6, S 1, or T3), possibly because of the displacement 
of the internal distribution peak of D. edwardsi as a consequence 
of competitive processes (see discussion below). Dabert (1992) 
proposed the existence of competitive mechanisms that generate 
spatial segregation patterns at the level "between feathers" for 3 
feather mite species, Bychovskiata charadrii, Dichobrephosceles 
actitidis, and Avenzoaria totani, that coexist in the ventral surfaces 
of flight feathers of the common sandpiper Actitis hypoleucos. In 
that study, Dabert explains that B. charadrii, from the little ringed 
plover Charadrius dub ius, invaded the wings of A. hypoleucos, 
already inhabited by the 2 native species, D. actitidis and A. 
totani, and became established in the primary feathers. The 
author suggested the possibility of displacement of both native 
species to new microhabitats. In A. totani, the hypothetical 
displacement may have resulted in a strong reduction in 
population size. In the same way, the more restricted distribution 
TABLE II. GLMM results on the distribution of Dolichodectes edwardsi 
and Trouessartia bifurcata between the longitudinal regions of moustached 
warbler flight feathers. 
Feather group Density 
Species effect Estimate SE (mites/mm2) 
D. edwardsi Intercept 0.90 0.21 
Proximal -5.70 0.03 0.0002 
region 
Medial region -0.90 0.32 0.0248 
Distal region 0.00 0.0607 
T. bifurcata Intercept 0.28 0.11 
Proximal 1.52 0.04 0.0919 
region 
Medial region 1.74 0.03 0.1140 
Distal region 0.00 0.0201 
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FIGURE 4. Boxplots showing variation in average change on Troues-
sartia bifurcata distance to feather basis Ildm for the 2 experimental 
treatments: control (feathers in the dark) and illuminated feathers. 
and the lower densities of D. edwardsi (Fig. 2; Table I), together 
with the apparent displacement of the inner density peak of D. 
edwardsi on T. bifurcata, could be a result of competitive 
processes between both species. 
Mite distribution within feathers 
With the present survey, we have shown how feather mites 
segregate spatially not only in different faces of feathers or 
between feathers, but also across longitudinal regions of 
individual feathers. A similar type of segregation, i.e., within 
feathers, was found by Dabert (1992) between the 2 native mite 
species living in the secondary feathers of A. hypoleucos, as cited 
above. While A. totani occurred on dark parts of feathers, D. 
actitidis appeared on white ones. Along their longitudinal axes, 
flight feathers present environmental differences derived from 
external factors (aerodynamic and frictional disturbances, solar 
irradiation, etc.) and also inherent microstructural differences 
(Pettingill, 1985; Choe and Kim, 1989). As a consequence, 
individual feathers present spatial heterogeneity that seem to 
differentially affect the 2 mite species we studied. 
Distal regions of flight feathers are subject to higher airflow 
speeds and, in addition, aerodynamic perturbations are greater 
here due to the vortex effect (Pettingill, 1985). Furthermore, 
frictional forces between feathers are stronger toward distal 
regions because feather displacements in these zones are greater 
during feather activities, e.g., during flight (Proctor, 2003). 
Consequently, physical and mechanical stresses more strongly 
affect distal feather parts and T. bifurcata, which is more exposed 
because of smooth structure of dorsal feather surfaces and could, 
therefore, experience limited distribution toward medial and 
proximal feather regions. These regions in the passerine flight 
feathers are more protected, first because proximal regions are 
partially protected by wing cover feathers, and second because 
overlapping of resting wing feathers is usually higher in proximal 
and medial than distal regions (Choe and Kim, 1989). 
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In contrast, D. edwardsi has a distribution apparently 
determined by other factors, some of which could be related to 
feather structure. Medial and distal feather regions have higher 
barb heights, i.e., the distance from the insertion of the barbules 
to the distal limit of the ventral part of the barb axis or ramus 
(Choe and Kim, 1989). This higher barb height may favor D. 
edwardsi because it contributes to a greater amount of protected 
space, while T bifurcata, living mainly over the dorsal face, is not 
affected by this feature. This could explain the strong negative 
effect of proximal region on D. edwardsi density (Table II). 
However, this may not be the only factor involved in the 
distribution of D. edwardsi because barbs are even higher in 
medial than distal feather regions in A. melanopogon (data not 
shown), as in other species (Choe and Kim, 1989); this conflicts 
with the greater presence of D. edwardsi in distal regions. 
Therefore, other factors must be involved. One possible explan-
atory hypothesis could be the competitive exclusion of D. 
edwardsi by T bifurcata in medial regions. 
The effect of sunlight on the distribution of T. bifurcata 
Experimental results on sunlight effects on the distribution of 
T bifurcata demonstrate that this species has a clear behavioral 
response to direct sunlight. They respond with non-random, 
directional movement toward the base of the flight feather. This 
suggests that these mites have the ability to orient themselves on 
the feather in the absence of clues that would normally be 
provided by the host's body. This ability could be based on 
sensing changes in feather microstructure, e.g., orientation of 
barbs and barbules, allowing them to find the way toward the 
highest protection under the wing cover feathers. Thus, light 
intensity may be one of the factors that limit the distribution of T 
bifurcata toward more basal regions of flight feathers. This could 
result from an adaptive response so that sunlight avoidance may 
benefit T bifurcata individuals that, with this behavior, avoid 
humidity reduction, increase of temperature, and dangerous 
radiation, or even a greater airflow risk or detection and 
elimination by the host with the beak during preening. In the 
last 2 suggestions, sunlight could act as a cue that the host is 
opening its wings, with increasing risk to mites, e.g., to start flying 
or for feather preening by the host. 
Is there competition between T. bifurcata and D. edwardsi? 
We have suggested competition processes as possible explana-
tions of some aspects of the spatial segregation found in the 2 mite 
species studied. A priori, there are 2 resources that are interrelated 
and could provoke competition between the 2 mite species, i.e., 
food and space. First, based on observations of gut contents of 
these and related species of feather mites, both species consume 
the oil that covers the feathers, together with trapped particles 
(Blanco and Tella, 2001; Galvan et aI., 2008). Second, flight 
feather space on moustached warblers is very small (240 mm2 for 
the largest primary feathers), and it can contain a high density of 
mites. The feathers with the largest populations of both species in 
our study (P2, P3, and S4) presented an average number of 44 
mites per feather but, in some cases, possessed more than 150 
individuals. Trouessartia bifurcata mites are larger than D. 
edwardsi and appear to have greater ability to move over the 
entire feather, dorsally and ventrally; therefore, they may be able 
to access and consume resources faster than D. edwardsi, i.e., act 
as the stronger competitor. However, we must bear in mind that 
unlike the 3 cited feather mite species studied by Dabert (1992), 
the 2 species in our study occupy, usually, different surfaces. 
Nevertheless, if T bifurcata can easily access the food on the 
ventral side of the feather surface, either via crawling there as we 
observed in our experiment or by reaching through the dorsal 
surface (barbules are very fine) with its chelicerae, it could 
provoke competition between the 2 mite species. 
Although spatial segregation can be one of the consequences of 
interspecific competition, empirical evidence shows that spatial 
segregation between 2 species taxonomically, or ecologically, 
related does not necessarily indicate the occurrence of competition 
between them. It would be necessary to analyze in more detail the 
spatial patterns of coexistence between the 2 mite species 
considered, in order to elicit more direct evidence of competition. 
Some evidence could derive from changes in habitat selection 
comparing sympatric and allopatric populations, or by performing 
experiments to test the effects of the coexistence on each species 
distribution (e.g., Connell, 1961; Segurado and Fiqueiredo, 2007). 
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TWO NEW SPECIES OF CRYPTOCEPHALUM N. GEN. (MONOGENOIDEA: 
DACTYLOGYRIDAE) FROM THE CEPHALIC LATERAL LINE OF PERCICHTHYS TRUCHA 
(PERCIFORMES: PERCICHTHYIDAE) IN PATAGONIA, ARGENTINA 
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ABSTRACT: Two new species of Monogenoidea were found parasitizing the cephalic lateral line canals of Percichthys trucha 
(Valenciennes) (Perciformes: Percichthyidae). These species are described as members of a newly proposed genus of Dactylogyridae. 
Cryptocephalum n. gen. is characterized by the site of infection and the combination of the several features: ventral and dorsal anchor/ 
bar complexes, anchors with strongly elongated shaft and recurved point, shaft and point of dorsal anchors protruding laterally from 
haptor, hooks with 2 subunits and with pair 5 smaller than the others; gonads overlapping; coiled male copulatory organ with 
counterclockwise rings, accessory piece formed by 2 distinct parts, and a tubular, sclerotized ventral vagina. Cryptocephalum petreum n. 
sp. is characterized by having both anchor pairs protruding laterally from haptor, male copulatory organ with a coil of 2-1/2 rings, 
accessory piece tweezers-shaped, and sclerotized vaginal vestibule. Cryptocephalum spiralis n. sp, has ventral anchors protruding 
ventrally and dorsal ones protruding laterally, male copulatory organ with a coil of 1-1/2 rings, the antero-dorsal part of the accessory 
piece saddle-shaped, vaginal vestibule not present, and coiled vagina, This is the first record of Dactylogyridae species parasitizing the 
cephalic lateral line of fishes, 
In South America, species belonging to 59 genera of 
dactylogyrids have been reported parasitizing native species of 
Characiformes, Cypriniformes, Osmeriformes, Osteoglossiformes, 
Perciformes, and Siluriformes (Kohn and Cohen, 1998; Cohen 
and Kohn, 2008; Mendoza-Franco et aI., 2010). The species of 
Dactylogyridae parasitizing South American perciform fishes 
belong to Acolpenteron Fischthal and Allison, 1940, Duplaeees-
sorius Viozzi and Brugni, 2004, Euryhaliotrema Kritsky and 
Boeger, 2002, Gussevia Kohn and Paperna, 1964, Sciadicleithrum 
Kritsky, Thatcher, and Boeger, 1989, Trinidaetylus Haneck, 
Molnar, and Fernando, 1974, and Tueunarella Mendoza-Franco, 
Scholz, and Rozkosmi, 2010 (Hanek et aI., 1974; Kritsky et aI., 
1986, 1989; Kohn and Cohen, 1998; Kritsky and Boeger, 2002; 
Viozzi and Brugni, 2003, 2004; Cohen and Kohn, 2008; Mendoza-
Franco et aI., 2010). Members of the Percichthyidae (Perciformes) 
are distributed in Australia and southern South America (Froese 
and Pauly, 2010). In Chile and Argentina, Pereiehthys is the only 
member of Percichthyidae; Pereiehthys trueha is parasitized by the 
monogenoideans Aeolpenteron australe Viozzi and Brugni, 2003 in 
the ureters and Duplaeeessorius andinus Viozzi and Brugni, 2004 
on the gills (Viozzi and Brugni, 2003, 2004). 
Most of the fish monogenoideans parasitize gills and tegument. 
However, there are species that can be found in internal organs, 
communicated to the exterior such as in the urinary bladder 
(Viozzi and Gutierrez, 2001), the digestive system (Paperna, 1963; 
Bychowsky et aI., 1970), the nasal cavity (Kristky et aI., 1988; 
Boeger et aI., 1995), and the lateral line (Malmberg, 1970; 
Hoffman, 1999; Harris, 2003), with the last fish organ as one of 
the most unusual localizations for monogenoideans. To date, only 
3 species of monogenoideans have been reported parasitizing the 
fish lateral line, i.e., the gyrodactylid Gyrodaetylus eryptarum 
Malmberg, 1970 from the cephalic lateral line of Gadus eallarias 
(Linnaeus) (Gadiformes) in Norway (Malmberg, 1970); the 
dactylogyrids Pellucidhaptor prieei Gussev and Strizhak, 1972, 
formerly described as parasitizing the nasal cavity of Abramis 
brama (Linnaeus) (Cypriniformes) in European Russia and 
Lithuania and posteriorly reported from the pits of the somatic 
lateral line of the same host in the U.K. (Harris, 2003); and P. 
DOl: lO.1645/GE-2627.1 
planacrus Leiby, Kritsky, and Peterson, 1972, formerly described 
from the skin of Ictiobus eyprinellus (Valenciennes) in the U.S. 
and posteriorly reported from the somatic lateral line pits of the 
same host (Leiby et aI., 1972; Hoffman, 1999). 
During a parasitological survey of P. trueha (Percichthyidae) in 
Andean Patagonian lakes, specimens of 2 new species of 
dactylogyrids were found in the cephalic lateral line of fish. These 
species are described as members of a proposed new genus of 
Dactylogyridae. 
MATERIALS AND METHODS 
Y oung-of-the-year specimens of P. trucha were collected during the 
summer of 2010, using seine nets, from the littoral zone of northwestern 
Argentinean Patagonian lakes and rivers (Table I). Parasites were removed 
from the canals of the cephalic lateral line with the aid of a dissecting 
microscope. Some specimens were studied alive; others were relaxed in tap 
water, fixed in 5% formalin, and stored in 70% ethanol. Fixed specimens 
were stained in Gomori's trichrome or Grenacher's carmine-alum and 
mounted in Canada balsam for light microscope investigation. Some 
specimens were cleared in lactophenol. Illustrations were prepared with the 
aid of a camera lucida and a computer drawing program. Micrographs were 
taken using a Sony digital camera. Selected specimens were dehydrated in a 
graded ethanol series, critical point dried, coated with gold, and examined 
using a Philips 515 10 kv scanning electron microscope (Amsterdam, The 
Netherlands). Measurements and numbering of hook pairs are given 
following Kritsky et al. (1986) and Mizelle and Price (1963). Male 
copulatory organ length was measured by using a calibrated curvimeter 
on the camera lucida drawings. Some measures of haptoral sclerites were 
taken from specimens cleared in lactophenol. Measurements are expressed 
in micrometers, and the average is followed by the range and the number of 
specimens measured (n) in parentheses. 
Specimens were deposited in the Coleccion Nacional de Parasitologia, 
Museo Argentino de Ciencias Naturales Bernardino Rivadavia, Buenos 
Aires, Argentina (MACN-Pa); the Coleccion Parasitologica de la 
Universidad Nacional del Comahue, Bariloche, Argentina (UNCo-Pa); 
the Coleccion Helmintologica del Museo de La Plata, La Plata, Argentina 
(CHLMP); and the U.S. National Parasite Collection, Beltsville, 
Maryland (USNPC). 
DESCRIPTIONS 
Cryptocephalum n. gen. 
Diagnosis: Dactylogyridae. Body comprising cephalic region, trunk, 
peduncle, and haptor. Tegument smooth. Cephalic lobes 4 in number, 
poorly developed; head organs in 2 bilateral pairs; cephalic glands lateral 
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TABLE I. Localities, sampling size, total length, prevalence (P), and mean intensity (MI) of Cryptocephalum petreum n. sp. and Cryptocephalum spiralis n. 
sp. in Percichthys trucha. 
Total length 
Localities Coordinates Host sample size of host (mm) 
Epuyen Lake 42°11 'S, 71°30'W 470 19-70 
Caleufu River 40023'S, 70044'W 112 38-65 
Alicura Dam 40042'S, 71°04'W 31 42-64 
or posterolateral to pharynx. Two pairs of eyes, anterior pair of eyes closer 
together. Mouth subterminal, midventral, anterior to pharynx. Pharynx 
muscular. Intestinal ceca 2 in number becoming confluent posterior to 
gonads, lacking diverticula. Genital pore midventral, posterior to 
intestinal bifurcation. Gonads intercecal, overlapping or partially over-
lapping. Testis dorsal to germarium. Vas deferens looping around left 
intestinal cecum. Prostatic reservoir I. Copulatory complex comprising 
sclerotized male copulatory organ (MCO) and accessory piece; accessory 
piece formed by 2 parts. Male copulatory organ a coiled tube with 
counterclockwise rings. Seminal receptacle anterior to germarium. Vagina 
tubular, sclerotized, vaginal aperture ventral and slightly towards the left. 
Vitellarium follicular, densely scattered around intestinal ceca except in 
the zone of reproductive organs. Haptor armed with ventral and dorsal 
anchor/bar complexes, anchors with shaft strongly elongated and recurved 
point; shaft and point of dorsal anchors protruding laterally from haptor; 
7 pairs of hooks with pairs 6 and 7 having the dorsal position, similar in 
shape but not in size; hook pair 5 smaller and associated with ventral 
anchor shafts; hooks with shank comprising proximal and distal subunits, 
proximal subunit slightly expanded. 
Taxonomic summary 
Site of infection: Parasites of cephalic lateral line. 
Location and hosts: South America, percichthyids. 
Etymology: The name is from the Greek (crypto = hidden + cephalo = 
head) and refers to the site of infection inside the canals of the cephalic 
lateral line. 
Remarks 
The new genus is distinguished by the site of infection and the 
combination of the following features: ventral and dorsal anchorlbar 
complexes, anchors with strongly elongated shaft and recurved point, 
shaft and point of dorsal anchors protruding laterally from haptor, hooks 
with 2 subunits and pair 5 smaller than the others, overlapping gonads, a 
coiled MCO with counterclockwise rings, an accessory piece formed by 2 
distinct parts, and a tubular, sclerotized ventral vagina. Cryptocephalum n. 
gen. differs from other currently known dactylogirid genera from 
perciforms in South America, i.e., Acolpenteron, Duplaccessorius, Eur-
yhaliotrema, Gussevia, Sciadicleithrum, Trinidactylus, and Tucunarella, by 
the site of infection. In addition, it differs by (I) having 2 anchorlbar 
complexes (none or 1 anchor/bar complex in Acolpenteron and Trinidac-
tylus, respectively), (2) the lateral protrusion of dorsal anchor (protruding 
dorsally in Duplaccessorius, Euryhaliotrema, Gussevia, Sciadicleithrum, 
Trinidactylus, and Tucunarella), (3) hooks with 2 subunits (I subunit in 
Euryhaliotrema, Gussevia, Sciadicleithrum, Trinidactylus, and Tucunar-
ella), (4) accessory piece formed by 2 parts (I part in Euryhaliotrema, 
Gussevia, Sciadicleithrum, Trinidactylus, and Tucunarella), and (5) MCO 
coiled with counterclockwise rings (clockwise rings in Gussevia, Sciadiclei-
thrum, Trinidactylus) (see Hanek et aI., 1974; Kritsky et aI., 1986, 1989; 
Kritsky and Boeger, 2002; Viozzi and Brugni, 2003, 2004; Mendoza-
Franco et aI., 2010). Duplaccessorius, which is the only genus from P. 
trucha having anchor/bar complexes, also differs from the new genus by 
having a long peduncle, gonads in tandem, and non-sci erotized, lateral 
vagina (see Viozzi and Brugni, 2004). 
Cryptocepha/um petreum n. sp. 
(Figs. 1, 3, 4) 
Diagnosis: Body pyriform 613.3 (442-931; n = 17) long, 173.7 (106-250; 
n = 21) wide at level of gonads, cephalic lobes poorly developed; eyes 
Cryptocephalum petreum Cryptocephalum spiralis 
P (%) MI P (%) MI 
39 1.8 24 1.2 
13 1.2 2 2 
68 1.6 48 1.5 
anterior to pharynx. Pharynx spherical, 69.4 (50-86; n = 21) long, 69.8 
(55-84; n = 20) wide. Esophagus short. Peduncle short with I pair of 
retractile muscles. Haptor subhexagonal92.3 (60-175; n = 20) long, 132.2 
(94-161; n = 19) wide. Ventral anchor 60 (51-88; n = 23) long, base 35.6 
(28-43; n = 23) wide, with poorly differentiated roots, long and straight 
shaft perpendicular to the base, and point tip recurved. Dorsal anchor 80.5 
(70-99; n = 21) long, base 21.1 (12-27; n = 9) wide, with poorly 
differentiated roots; long, straight shaft with point tip recurved. Ventral 
bar 34.2 (29-43; n = 20) long, V-shaped. Both anchors protrude laterally 
from haptor. Dorsal bar 27.3 (21-36; n = 18) long, V-shaped. Hooks with 
a protruding short thumb and delicate point. Filamentous hooklet (FH) 
loop extending to union of shank subunits. Hook pair 1, 36.6 (27-46; n = 
23) long; pair 2, 35.7 (27-46; n = 23) long; pair 3, 36.9 (27-46; n = 13) 
long; pair 4,37.4 (27-46; n = II) long; pair 5, 27 (18-35; n = 16) long; pair 
6,37 (27-46; n = 7) long; pair 7,41 (32-53; n = II) long. Male copulatory 
organ 172.9 (164-182; n = 12) long, a coil of 2-112 counterclockwise rings. 
Base of male copulatory organ cylindrical with 2 flanges in tandem; 
accessory piece tweezers-shaped comprising 2 parts, serving as guide for 
the distal portion of MCO, the posterior part larger than the anterior one. 
Articulation of accessory piece not observed. Genital pore midventral, 
near level of intestinal bifurcation. Gonads overlapping. Vas deferens 
looping around left intestinal cecum. Germarium 71.7 (45-95; n = 12) 
long, 45.3 (29--63; n = 12) wide. Vaginal aperture ventral and slightly 
towards the left. Vagina sclerotized, tubular; proximal end bell-shaped 
entering the seminal receptacle, distal end with a complex vaginal vestibule 
strongly sclerotized. Vitellarium follicular, densely scattered around 
intestinal ceca, absent in the zone of reproductive organs. Single brownish 
egg 60.9 (56-75; n = 12) long, 41.3 (35-52; n = 10) wide, having I polar 
filament with rounded end. 
Taxonomic summary 
Type host: Percichthys trucha (Valenciennes). 
Site of infection: Inside the canals of the cephalic lateral line. 
Type locality: Lake Epuyen (42°IO'S, 71°31'W), Patagonia, Argentina. 
Prevalence and mean intensity: See Table I. 
Other localities: See Table 1. 
Specimens deposited: Holotype (MACN-Pa) 51411 and 3 paratypes 
(MACN-Pa) 514/2-4, 5 paratypes (VNCo-Pa) 224/1-5, 5 paratypes 
(CHLMP) MLP 6293, and 5 paratypes (VSNPC) 1024257. Cryptocepha-
lum petreum is the type species for the genus. 
Etymology: The specific name is from the Latin (petra = stone) and 
refers to the strongly sclerotized vaginal vestibule. 
Remarks 
Cryptocephalum petreum n. sp. is characterized by having a pyriform 
body and subhexagonal haptor and the combined following features: (I) 
ventral and dorsal anchors with poorly differentiated roots, (2) both 
anchors pairs protrude laterally, (3) V-shaped ventral bar and V-shaped 
dorsal bar, (4) MCO with a coil of2-112 rings, (5) accessory piece tweezers-
shaped, serving as guide for the distal portion of MCO, (6) vaginal 
vestibule heavily sclerotized and noncoiled vagina, and (7) polar filament 
of eggs with a rounded end. 
Cryptocepha/uin spira/is n. sp. 
(Figs. 2, 5, 6) 
Diagnosis: Body sub-rectangular, slightly constricted at middle, 656.2 
(500-818; n = 25) long, 226.2 (154-269; n = 25) wide at level of gonads, 
cephalic lobes poorly developed, eyes anterior to pharynx. Pharynx 
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FIGURE I. Cryptocephalum petreum n. gen., n. sp. (A) Whole mount, adult (composite, ventral view). (B) Male copulatory organ (ventral view). (C) 
Vagina (ventral view). (D) Egg. (E) Ventral bar. (F) Dorsal bar. (G) Ventral anchor. (H) Dorsal anchor. (I) Hook pair 5. (J) Remaining hooks. 
spherical, 62.8 (48-82; n = 22) long, 62.2 (48-77; n = 21) wide. Esophagus 
short. Peduncle short with I pair of retractile muscles. Haptor rectangular 
84.3 (60-115; n = 26) long, 167.9 (120-204; n = 25) wide. Ventral anchor 
73.2 (56-85; n = 22) long, base 41.5 (28-50; n = 17) wide, with short, 
superficial root almost perpendicular to base; stout, deep root; long, straight 
shaft, and point tip strongly recurved. Dorsal anchor 100.9 (88-114; n = 23) 
long, base 20.5 (12-27; n = 12) wide, with well-developed, elongated, 
divergent roots, long straight shaft, and point tip recurved. The ventral 
anchors protrude ventrally and the dorsal ones protrude laterally from the 
haptor. Ventral bar 39.8 (33-47; n = 26) long, V-shaped. Dorsal bar 73.2 
(56-85; n = 22) long, with expanded ends articulated with roots of the 
dorsal anchors. Hooks with a protruding short thumb and delicate point. 
Filamentous hooklet (FH) loop extending to union of shank subunits. 
Hook pair 1,27.9 (18-36; n = 15) long; pair 2, 36.1 (27-41; n = 20) long; 
pair 3,37.5 (29-46; n = 25) long; pair 4,34.9 (23-40; n = 25) long; pair 5, 
25.3 (18-35; n = 12) long; pair 6,33.7 (29-38; n = 10) long; pair 7,34.4 (32-
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FIGURE 2. Cryptocephalum spiralis n. gen., n. sp. (A) Whole mount, adult (composite, ventral view). (B) Male copulatory organ (ventral view). (C) 
Vagina (ventral view). (D) Egg. (E) Ventral bar. (F) Dorsal bar. (G) Hook pairs I and 5. (H) Remaining hooks. (I) Ventral anchor. (J) Dorsal anchor. 
38; n = 10) long. Male copulatory organ 74.9 (64-88; n = 20) long, a coil of 
1-112 counterclockwise rings. Base of MCO ovate with sclerotized 
expansions; accessory piece comprising 2 parts, antero-dorsal part saddle-
shaped with hole in which distal portion ofMCO is threaded, and triangular 
postero-ventral part. Articulation of accessory piece not observed. Genital 
pore midventral, posterior to intestinal bifurcation. Gonads overlapping. 
Vas deferens looping around left intestinal cecum. Germarium 81.1 (53-108; 
n = 20) long, 60.4 (48-91; n = 19) wide. Vaginal aperture ventral and 
slightly towards left. Vagina sclerotized, tubular, coiled with 1-112 
counterclockwise rings. Vitellarium follicular, densely scattered around 
intestinal ceca, absent in area of reproductive organs. Single brownish egg 
79.2 (n = I) long, having 1 polar filament with cup-shaped end. 
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FIGURES 3- 6. Haptor of CryplOcepha/um petreum n. sp. and Cryptocephalum spiralis n. sp. (3) Optical microscopy and (4) scanning electron 
microscopy micrographs of C. petreum. (5) Optical microscopy and (6) scanning electron microscopy micrographs of C. spiralis. 
Taxonomic summary 
Type host: Percichthys trucha (Valenciennes). 
Site of infection: Inside the canals of the cephalic lateral line. 
Type locality: Lake Epuyen (42°10'S, 71031'W), Patagonia, Argentina. 
Prevalence and mean intensity: See Table L 
Other localities: See Table L 
Specimens deposited: Holotype (MACN-Pa) 513/1 and 6 paratypes 
(MACN-Pa) 513/2-7, 6 paratypes (VNCo-Pa) 225/1-6, 6 para types 
(CHLMP) MLP 6294, and 6 para types (VSNPC) 102458. 
Etymology: The specific name is from the Latin (spira = coil) and refers 
to the coiled vagina. 
Remarks 
Cryptocephalum spiralis n. sp. differs from C. petreum by having a 
subrectangular body with a slight middle constriction, rectangular haptor, 
and the combined presence of: (I) ventral anchor with short superficial 
root almost perpendicular to the base and a stout, deep root; (2) dorsal 
anchor with well-developed, elongated, divergent roots; (3) ventral 
anchors protruding ventrally and dorsal ones protruding laterally; (4) 
ventral bar V-shaped and dorsal bar with expanded ends articulated with 
dorsal anchors roots; (5) hooks different in size with pair I also smaller 
than the others; (6) MCO with a coil of 1-II2 rings; (7) the anterior part of 
the accessory piece saddle-shaped with a hole in which distal portion of 
MCO is threaded; (8) vaginal vestibule not present and coiled vagina with 
1- II2 counterclockwise rings; and (9) polar filament of eggs with a cup-
shaped end. 
DISCUSSION 
Cryptocephalum petreum n. sp. and C spiralis n. sp. are the first 
species of Dactylogyridae parasitizing the cephalic lateral line of 
fishes. In addition, the combined morphological features also 
support the erection of the new genus to accommodate the 2 new 
species from P. trucha. 
The cephalic lateral line is a sensorial organ with canals 
communicated with the exterior through pores, and is an atypical 
site of infection for monogenoideans. Some monogenoideans, 
like species of Rhinoxenus Kritsky, Thatcher and Boeger, 1988, 
Telethecium Kritsky, Van Every and Boeger, 1996, Kritsky ia 
Kohn, 1990, and Acolpenteron Fischthal and Allison, 1940, show 
evidence of adaptations to live in internal habitats such as nasal 
cavities or ureters (Fischthal and Allison, 1940; Kritsky et aI., 
1988, 1996; Kohn , 1990; Viozzi and Brugni, 2003; Domingues 
and Boeger, 2005). Some changes, like the loss of bars and 
anchors and the ventral positions of all hook pairs, may 
represent convergences associated with similar selective pressures 
and appear to be the result of secondary modifications that 
occurred independently (Boeger et aI., 2001). In the case of P. 
pricei and P. planacrus, the other dactylogyrids that inhabit the 
lateral line, the modifications would be represented by the 
elongated ventral anchors protruding laterally (Leiby et aI., 1972; 
Harris, 2003). Although the 2 species of Cryptocephalum 
maintain the usual number of haptoral sclerites, and hooks 
pairs 6 and 7 have the dorsal position, the dorsal and the ventral 
anchors of C pelreum and C spiralis possess extremely long 
shafts that protrude laterally, or ventrolaterally, from the haptor. 
These characteristics would be modifications related to the need 
for attachment to the internal surface of the cephalic lateral line 
canals. 
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GENOTYPIC CHARACTERIZATION OF IRANIAN CAMEL (CAMELUS DROMEDARIUS) 
ISOLATES OF ECHINOCCOCUS GRANULOSUS 
Hassan Sharifiyazdi, Ahmad Oryan*, Sara Ahmadniat, and Akbar Valinezhad:j: 
Department of Clinical Studies, School of Veterinary Medicine, Shiraz University, P.O. Box 1731, Shiraz 71345, Iran. e-mail: sharifiy@shirazu.ac.ir 
ABSTRACT: In the present study, Echinoccocus granulosus isolates collected from camels (Camelus dromedarius) in eastern Iran were 
characterized based on the nucleotide sequences of mitochondrial COl and NDI genes, The molecular results for camel isolates 
demonstrated that at least 2 different genotypes are present, i,e" a buffalo genotype (G3) and the camel genotype (G6), Although the 
sequences of the Iranian camel genotype (G6) are completely homologous to the reference sequence of G6 (M84666) of E. granulosus, a 
nucleotide mutation (C to T at position 168) was detected in the COl sequences of the Iranian G3 isolates (HM626405) when 
compared with the reference G3 genotype (M84663), The findings of the present study represent the demonstration of the buffalo 
strain in camels, As previously reported, humans can be infected by this genotype; accordingly, the epidemiological importance of this 
genotype in the camel population should be considered in further studies, 
Cystic hydatid disease (CHD) is one of the world's most 
geographically widespread zoonoses, Its etiological agent, Echino-
coccus granulosus, exists as a series of genetic variants which differ 
in a wide variety of criteria that impact on life cycle pattern, host 
specificity, development rate, pathogenicity, antigenicity, sensitiv-
ity to chemotherapeutic agents, population biology, transmission 
dynamics, and control of the disease (McManus and Smyth, 1986; 
Thompson and Lymbery, 1988; Thompson, 1995), 
Therefore, there is a need to characterize the etiological agents 
using a molecular approach in different endemic areas (Harandi et 
aI., 2002). Other methods based on morphologic, immunologic, 
and biochemical features are limited in their usefulness because 
host factors and environmental conditions influence the parasite 
phenotype (Bowles et aI., 1992). 
CHD is a significant economic and public health problem in 
Iran which occurs in human and various species of domestic 
animals including donkeys, cattle, camels, wild boars, sheep, and 
goats; adult worms have been recovered from dogs, golden 
jackals, red foxes, and wolves (Oryan et aI., 1994; Zhang, Eslami 
et aI., 1998; Mehrabani et aI., 1999; Harandi et aI., 2002; Sadjjadi, 
2006). The prevalence of camel hydatidosis has been assessed in 
the middle east and northern Africa as 11.3-70.0%,77.5%,39.6%, 
8.8%,31.0%, 80.0%, and 48.0% in Iran, Pakistan, Kuwait, north 
Jordan, Egypt, Morocco, and Libya, respectively (Mobedi et aI., 
1970; Afshar et aI., 1971; Motakef et aI., 1976; AI-Yaman et aI., 
1985; Moghaddar et aI., 1992; Anwar and Khan, 1998; Ibrahem 
and Craig, 1998; Ahmadi, 2005). In a preliminary study, Zhang, 
Eslami et al. (1998), using a mitochondrial DNA markers assay, 
confirmed the presence of the G6 genotype in just 2 camels from 
central Iran. Harandi et al. (2002) used PCR-RFLP ofITSI and a 
morphological examination of hydatid cysts isolates; they 
reported the presence of the G I (25%) and G6 (75%) genotypes 
in camels in Esfahan and Yazd Provinces, Iran. GI-G3 group 
genotypes could not be distinguished from each other based on 
PCR-RFLP analysis of the nuclear rDNA ITSI region. Addi-
tionally, this approach was not able to discriminate between the 
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G6 and G7 genotypes (Kamenetzky et aI., 2002; Bart et aI., 2006; 
Busi et aI., 2007). 
The aim of the present study was, therefore, to identify the 
genotype(s) of the camel (Camelus dromedarius) isolates in eastern 
Iran using ITSI, COl, and NDI approaches. 
MATERIALS AND METHODS 
Hydatid cysts from naturally infected camels were collected from 
Mashhad Slaughterhouse, Khorasan Razavi Province, eastern Iran during 
2009. The internal organs of 207 slaughtered camels were grossly, but 
carefully, checked for the presence of hydatid cysts. Host sex, rate of 
fertility, and the number of cysts in each organ were recorded. The entire 
cyst, along with the adjacent tissues, was excised from the organ, rinsed in 
physiological saline solution, and then fixed and preserved in 70% (v/v) 
ethanol. Subsequently, each cyst was separated into membrane and 
intracystic fluid. A cyst was considered fertile when protoscoleces were 
observed by microscopic examination. 
Total genomic DNA was extracted from the germinal layer (10-15 mg) of 
15 fertile hydatid cysts using a commercial DNA extraction kit (DNeasy, 
QIAGEN, Valencia, California). The mitochondrial DNA was amplified 
using specific primers for cytochrome oxidase 1 (COl) JB3/JB4 (5'-TTT TIT 
GGG CAT CCT GAG GTT TAT-3'/5'-TAA AGA AAG AAC ATA ATG 
AAA ATG-3') and NADH dehydrogenase I (ND!) JBll/JB12 (5'-AGA 
TIC GTA AGG GGC CTA ATA-3'/5'-ACC ACT AAC TAA CTA ATI 
CAC TIT C-3') (Bowles et aI., 1992; Bowles and McManus, 1993a). The 
primers for amplification of the ITSI gene (5'-GTC GTA ACA AGG TTI 
CCG TA-3'/5'-TCT AGA TGC GTI CGA ART GTC GAT G-3') were 
designed as described by Bowles and McManus (1993b), PCR reactions (25 J.l1) 
were performed in 10 mM Tris-HCI, pH 8.4, 50 mM KCI, 3.5 mM MgCI2, 
250 J.lM of each dNTP, 25 pmol of each primer, and 1 U Taq polymerase 
(Fermentas, Glen Burnie, Maryland) under the following conditions: 94 C, 
55 C, and 72 C. For each set of PCRs, negative (no-DNA) and positive 
controls were included. Prior to further molecular analyses, the quality and 
intensity of individual aliquots (5 J.ll) from amplicons were verified following 
electrophoresis in ethidium bromide-stained 1.5-2% agarose-TBE (65 mM 
Tris-HCI, 22.5 mM boric acid, 1.25 mM EDTA, pH 9) gels under ultraviolet 
transillumination. The products of COl and NDI were directly sequenced 
using capillary DNA analyzer (Applied Biosystems, Foster City, California) 
after sequencing reactions with a Big Dye® Terminator V3.l Cycle Sequencing 
Kit (Applied Biosystems). Forward and reverse nucleic acid sequence data 
were used to construct a continuous sequence of inserted DNA. Further 
comparison of the continuous sequences was made with previously available 
sequences of the mitochondrial DNA (COl and NDI) of E. granulosus 
genotypes in NCBI (National Center for Biotechnology Information) using 
BLAST. The different genotypes of E. granulosus G1 (U50464, AY686564, 
A Y686562, A Y686565), G2 (M84662), G3 (M84663), G4 (AF346403), G5 
(AB235846), G6 (M84666, AB208063, AF384099), G7 (DQ856468, 
DQ062858, AY686566), G8 (DQI44021), and GlO (DQI44022) were used 
for phylogenetic analysis. Phylogenies were constructed by maximum 
parsimony using Kimura-2-parameter distances from 500 bootstrap 
replicates of multiple sequence alignments created using CLUSTALW, as 
implemented by MEGA version 4.0 (Tamura et aI., 2007). 
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FIGURE l. Agarose gel electrophoresis (1.5%) of ITSI amplicons 
showed a slight difference in size between G6 (lane: 3, 4, 9) and G3 (lane: 
1,2,6,7, 11) genotypes. Lane 5 is the molecular weight marker (100 bp). 
RESULTS 
From 207 camels in Mashhad Slaughterhouse, 85 (41.1 %) were 
infected with hydatid cysts. The prevalence was higher in males 
(43.4%) than in females (36.6%). The lungs were the most-affected 
organs (95.0%) followed by the liver (26.5%) and spleen (2.4%). 
Overall, high fertility rates were found in E. granulosus cysts in 
both male (62%) and female (61%) positive camels. 
Nucleotide sequences of the COl gene obtained from 15 fertile 
E. granulosus isolates (360 bp) were aligned with published 
sequences for the G I- G 10 genotypes (Bowles et ai., 1992, 1994; 
Okamoto et ai., 1995). Likewise, pair-wise nucleotide sequence 
variation of the NDI gene was also compared with the existing 
genotypes on the basis of 471 nucleotides. 
Based on mitochondrial sequences, camel isolates were divided 
into 2 distinct genotypes which phylogenetically belonged to the 
G3 and G6 clades. The presence of 2 distinct haplotypes was also 
supported by a slight difference in the ITSI product size of these 2 
haplotypes (camels A and B; see Fig. I). Based on mitochondrial 
sequence information, using agarose gel (1.5%) electrophoresis 
(Fig. I), the PCR products of ITS I for camel A were smaller than 
those of camel B. 
Genbank accession numbers HM626405, HM626406, HQ585933, 
and HQ585934 were provided for Camel A COl, Camel B COl, 
Camel A NDI , and Camel B ND1, respectively. The COl sequence 
for camel B, which was detected in 60% (n = 9) of the samples, was 
completely homologous to the reference sequence of the G6 
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FIGURE 2. Phylogenetic analysis by maximum parsimony (MP) using 
Kimura-2-parameter based on the mitochondrial cytochrome C oxidase 
subunit I (CO I) sequence. The different genotypes of E. granulosus G I 
(U50464, A Y686564, A Y686562, A Y686565), G2 (M84662), G3 
(M84663), G4, (AF346403), G5 (AB235846), G6 (M84666, AB208063, 
AF384099), G7 (DQ856468, DQ062858, A Y686566), G8 (DQI44021), 
and GlO (DQI44022) were used for phylogenetic analysis. Marked with an 
asterisk (*) are the selected reference sequences from Bowles et aI. (1992). 
Numbers at nodes represent percentage occurrence of clades in 500 
bootstrap replications of data. 
(M84666), while the CO I sequence for camel A was seen in 40% (n 
= 6) of the samples as a new microvariant of the G3 genotype (T 
instead of C at position 168 in accession no. HM626405) when 
compared to the reference G3 genotype (M84663). 
Sequence alignment of NDI data showed that GI was easily 
differentiated from the G2/G3 groups in the NDI gene (471 bp) at 
positions 43,282, and 429. However, G2 and G3 genotypes were 
not distinguished in this gene fragment. Accordingly, phyloge-
netic analysis was conducted on COl sequence data to elucidate 
the similarities and differences of the E. granulosus genotypes 
(Fig. 2). The phylogram, based on the COl, showed E. granulosus 
haplotype camel A was the closest taxon to the genotype G3 from 
India and that these haplotypes, together with genotypes Gland 
G2, form a cluster on the phylogenetic tree. In addition, 
phylogenetic analysis showed that the Iranian camel B was 
identical to the G6 taxon and placed adjacent to G7, G8, and 
G 10. Other remaining genotypes (G4 and G5) form 2 distinct 
clades of their own (Fig. 2). 
DISCUSSION 
Camels are popular and important multipurpose local animals 
in Iran; more than 200,000 dromedary camels live in the arid and 
semiarid deserts of eastern provinces, including Khorasan and 
Sistan-Blouchestan (Oryan et ai., 2008). Echinoccocus granulosus 
and CHD are endemic or hyperendemic in various parts of Iran. 
The reported prevalence of the camel hydatidosis is variable in 
different areas of the country (Mobedi et ai., 1970; Afshar et ai., 
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1971; Moghaddar et aI., 1992; Ahmadi, 2005). In the present 
study, 41.1% of camels originating from eastern areas of Iran 
were infected. 
To date, molecular genotyping using mitochondrial DNA 
(mtDNA) sequences, have identified multiple distinct genotypes 
(GI-GlO) within E. granulosus; i.e., Gl (common sheep), G2 
(Tasmania sheep), G3 (water buffalo), G4 (horse), G5 (cattle), G6 
(camel), G7 (pig), G8 (cervid), G9 (human), GlO (Fennoscandian 
cervid), and Echinoccocus felidis (lion strain) (McManus, 2002; 
Lavikainen et aI., 2003; Maravilla et aI., 2004; Huttner et aI., 2008). 
Discrimination between very similar GlIG2/G3 genotypes is not 
possible based on PCR-RFLP analysis of the nuclear rDNA ITSI 
region. In addition, the approach employed by Harandi et al. 
(2002) and Ahmadi and Dalimi (2006) in Iran was not able to 
distinguish the G6 and G7 genotypes from each other (Bowles et 
aI., 1992; Rozenvit et aI., 1999; Kamenetzky et aI., 2002; Bart et aI., 
2006; Busi et aI., 2007). In the latter study, conducted on the 
isolates from endemic regions of Iran, only the G6 genotype in 
camels was present, based on PCR-RFLP of ITS 1. 
The analysis of genetic diversity based on partial mitochondrial 
DNA showed usefulness of the COl marker in distinguishing G 1 
(common sheep), G2 (Tasmania sheep), and G3 (buffalo) 
genotypes for providing more accurate and reliable information 
about the nature and extent of variation in E. granulosus isolates 
(Bowles et aI., 1992; Busi et aI., 2007; Snabel et aI., 2009). 
Consequently, this approach was used in the present study to show 
the genetic diversity among 15 camel isolates from the eastern area 
of Iran. The molecular characterization and phylogenetic analysis 
showed that camel isolates from the eastern area of Iran could be 
designated into 2 groups corresponding with the buffalo genotype 
(G3) and camel genotype (G6), both of which are also generally 
associated with human infection (Zhang, Eslami et aI., 1998; Busi et 
aI., 2004, 2007). Interestingly, the heterogeneity between haplo-
types was also revealed by gel electrophoresis analysis for ITS1. As 
a screening test, the buffalo genotype (G3), in comparison to the 
camel genotype (G6), produced a smaller fragment size of ITSI in 
agarose gel electrophoresis (Fig. 1). Alternatively, this simple and 
inexpensive method can be used as a predictor for the initial 
diagnosis of the E. granulosus cluster. 
The camel genotype (G6) was found to be the prevailing 
genotype (60%) affecting camels in this area. These finding were 
in agreement with those of the previous studies, which reported 
G6 as a common genotype in camels in Iran (Zhang, Eslami et aI., 
1998; Harandi et aI., 2002; Ahmadi and Dalimi, 2006). To date, 
G6 genotype has been reported from human and animal hosts 
from the Middle East, Africa, China, Argentina, Chile, Nepal, 
Egypt, Mauritania, Sudan, Kenya, and Peru (Bowles et aI., 1992; 
Zhang, Chai et aI., 1998; Rozenvit et aI., 1999; Sadjjadi, 2006; 
Moro et aI., 2009; Casulli et aI., 2010). 
Recently, Sharbatkhori et al. (2010) reported G3 in a camel for 
the first time in central Iran. Interestingly, the genetic character-
istics of their reported G3 genotypes are different from those of 
our G3. They reported the Iranian G3 COl sequence as having 
100% homology with a reference sequence for the G3 genotype. 
In contrast to our finding, they observed polymorphism in the 
NDI sequence in G3. The differences in the genotype of their 
study with that of our finding may be due to different 
geographical locations of these 2 studies. Their study was 
undertaken in the camels of central Iran while the camels of the 
present study were from the eastern provinces of the country. 
Busi et al. (2007) reported that 7 of 8 hydatid cysts isolated 
from human cases in Italy were identified as belonging to the G3 
genotype. These data confirm that the buffalo genotype is able to 
infect humans, and the findings of the present investigation 
demonstrated that this genotype can also be harbored by camels 
that have fertile G3 cysts. 
Until recently, the buffalo genotype (G3) has been identified in 
E. granulosus isolates from sheep, cattle, and humans in Italy 
(Busi et aI., 2004; Giangaspero et aI., 2006), Greece (Varcasia et 
aI., 2007), Turkey (Vural et aI., 2008; Snabel et aI., 2009), and 
Morocco (Azlaf and Dakkak, 2006). A G3 genotype was also 
detected in the water buffalo (Bubalus bubalis) of the Italian 
Mediterranean breed for the first time by Capuano et al. (2006). 
The buffalo genotype G3 is considered to be a poorly 
characterized form transmitted by water buffaloes in southern 
Asia (Jenkins et aI., 2005). However, Bart et al. (2006) did not 
explicitly report the presence of the G3 genotype in Romania, but 
they did recognize haplotypes G2A, G2B, and G2C (indicated as 
G2 variants) that, according to submitted sequences, correspond-
ed to G3 (Busi et aI., 2007; Snabel et aI., 2009). 
In the present study, although a nucleotide mutation was detected 
in the COl sequences in the Iranian G3 compared with the reference 
G3 (Indian buffalo genotype, M84663), the data obtained from the 
amino acid analysis from these 2 microvariants of G3 were 
completely identical. Similarly, the intra-genotype variation in 
COl that was also reported in samples in Italy compared favorably 
with the G3 reference sequence provided by Busi et al. (2007). 
Different variants of the other E. granulosus genotypes, including 
Gl (GlA, GlB, GlC, GlD, GIE) and G7 (G7A) genotypes, have 
also been detected in different hosts (Kamenetzky et aI., 2002). 
Based on the DNA sequencing of 4 mitochondrial genes (COl, 
ATP6, NDl, and rRNS), Snabel et ai. (2009) suggested that G2 
(Tasmanian sheep genotype) is not a discrete genotypic unit, since 
its sequences at polymorphic sites conform to microvariants of both 
Gl and, more often, G3. For these reasons, the taxonomy of the 
genotype cluster GI-G3 is not yet resolved, and some authors have 
proposed to include all in a single species identified as E. granulosus 
sensu stricto (Thompson and McManus, 2002; Obwaller et aI., 
2004; Jenkins et aI., 2005; Romig et aI., 2006; Nakao et aI., 2007). 
Further studies using a large-scale molecular phylogenetic 
analysis are needed to clarify the epidemiological importance and 
role of the present camel microvariants of G3 in human hydatid 
disease, especially in Iran and eastern neighboring countries. 
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SEROPREVALENCE OF TOXOPLASMA GONDII AND CONCURRENT BARTONELLA SPP., 
FELINE IMMUNODEFICIENCY VIRUS, FELINE LEUKEMIA VIRUS, AND DIROFILARIA 
IMMITIS INFECTIONS IN EGYPTIAN CATS 
Y. M. AI-Kappany, M. R. Lappin*, O. C. H. Kwok, S. A. Abu-Elwafat, M. Hilali:j:, and J. P. Dubey 
United States Department of Agriculture, Agricultural Research Service, Animal and Natural Resources Institute, 
Animal Parasitic Diseases Laboratory, Building 1001, Beltsville, Maryland 20705-2350. e-mail: jitender.dubey@ars.usda.gov 
ABSTRACT: Toxoplasma gondii and Bartonella spp. are zoonotic pathogens of cats. Feline immunodeficiency virus (FlV) and feline 
leukemia virus (FeLv) are related to human immunodeficiency virus and human leukemia virus, respectively, and these viruses are 
immunosuppressive. In the present study, the prevalence of antibodies to T. gondii, Bartonella spp., FIV, as well as FeLv and 
Dirofilaria immitis antigens was determined in sera from feral cats (Felis catus) from Cairo, Egypt. Using a modified agglutination test, 
antibodies to T. gondiiwere found in 172 (95.5%) of the 180 cats with titers of 1:5 in 9,1:10 in 9,1:20 in 3,1:40 in 5,1:80 in 5,1:160 in 
15, 1:320 in 22, and 1:640 or higher in 104. Thus, 57.4% had high T. gondii titers. Antibodies to Bartonella spp. were found in 105 
(59.6%) of 178, with titers of 1:64 in 45,1:128 in 39, 1:256 in 13, 1:512 in 3,1:1,024 in 4, and 1:2,048 in 1 cat. Antibodies to FlV were 
detected in 59 (33.9%) of 174 cats. Of 174 cats tested, antigens to FeLv, and D. immitis were detected in 8 (4.6%) and 6 (3.4%) cats, 
respectively. The results indicate a high prevalence of T. gondii, Bartonella spp., and FlV infections in cats from Cairo, Egypt. This is 
the first report of Bartonella spp., and D. immitis infection in cats in Egypt. 
Cats are essential in the life cycle of Toxoplasma gondii because 
they are the only hosts that can excrete the environmentally 
resistant oocysts in nature. We summarized worldwide serological 
prevalence of T. gondii in cats for the past 20 yr (Dubey, 2009; 
Jones and Dubey, 2010). Prevalence of T. gondii antibodies varies 
with age, lifestyle of the cat (stray versus or domestic), serologic 
test, screening dilution, and undefined factors. 
Concurrent infections with certain feline pathogens can affect 
T. gondii infections in cats. Bartonella spp. are bacterial zoonotic 
pathogens that can cause cat scratch disease, endocarditis, and 
several other syndromes in humans (Chomel et at, 2004; 
Breitschwerdt et at, 2007). Feline immunodeficiency virus (FIV) 
is a retrovirus related to human immunodeficiency virus and is 
known to cause immunosuppression in some cats, depending on 
the stage of infection (Levy et at, 2008). Feline leukemia virus 
(FeLv) is related to human leukemia virus and can also cause 
immunosuppression in cats. Cats exposed to D. immitis often limit 
the infection but can develop clinical illness relating to immune 
reactions to larvae or to adult worms (Nelson et at, 2005). 
The interaction of T. gondii and other feline pathogens is 
intriguing, and there are conflicting reports on this topic. Dubey 
et at (2009) summarized reports of co-infections with T. gondii, 
FIV, and FeLv in naturally exposed cats, mostly from the 
Western Hemisphere. Here we report a serological survey for 
these infections in feral cats from Cairo, Egypt. 
MATERIALS AND METHODS 
Naturally exposed cats 
During the course of a parasitological survey, blood samples were 
collected from 180 feral Felis catus from Abou-rawash, Giza, Egypt, as 
described previously (Al-Kappany et aI., 2010). Samples were transported 
refrigerated by air from Egypt to the Animal Parasitic Diseases 
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Laboratory (APDL), United States Department of Agriculture, Beltsville, 
Maryland, in 4 batches in 2008 and 2009. Three to 5 days elapsed between 
death of the cat and receipt of samples at APDL; during this time samples 
were kept cold. 
Detection of T. gondii antibodies in cat serum 
Sera from cats were first screened for T. gondii antibodies at 1 :5-1 :640 
dilutions with the modified agglutination test (MAT) as described 
previously (Dubey and Desmonts, 1987). 
Examination for concurrent infections 
Plasma or serum from selected cats were shipped to Colorado State 
University (CSU), Fort Collins, Colorado, and stored at -70 C until 
assayed. Bartonella spp. IgG antibodies in serum were detected using a 
previously reported technique with a titer of <1:64 considered negative 
(Lappin et aI., 2009). This assay detects antibodies against Bartonella 
henselae, Bartonella clarridgeaie, and Bartonella koehlerae (Lappin et aI., 
2009). 
Plasma or serum samples were assayed at CSU for FeL V antigen, FIV 
antibodies, and D. immitis using commercial kits (SNAP Feline Triple, 
IDEXX Laboratories, Portland, Maine). 
RESULTS 
Antibodies to T. gondii were found in 172 (95.5%) of the 180 
cats; 57.4% had high T. gondii titers (Table I). Antibodies to 
Bartonella spp. were found in 105 (59.6%) of 178, with titers of 
1:64 in 45, 1:128 in 39, 1:256 in 13, 1:512 in 3, 1:1,024 in 4, and 
1 :2,048 in 1 cat. Antibodies to FlV were detected in 59 (33.9%) of 
174 cats. Of 174 cats tested, antigens to FeLv and D. immitis were 
detected in 8 (4.6%) and 6 (3.4%) cats, respectively. The 
distribution of T. gondii MAT titers with respect to concurrent 
infections is shown in Table I. 
DISCUSSION 
The high (95%) prevalence of T. gondii in cats in the present 
study is probably related to the lifestyle of these cats; all cats were 
feral and very wild. Although we do not have data on their age, 
they were most likely adults. This seroprevalence was higher than 
58.8% of 177 cats from Cairo (indirect fluorescent antibody test, 
IFA) reported by Aboul-Magd et at (1988), 18.4% of 114 cats 
from Gharbia (indirect hemagglutination test, IHA) by Abu-
Zakham et at (1989), and 57.7% of 97 cats (latex agglutination 
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TABLE I. Concurrent infections in Toxoplasma gondii-infected cats from 
Egypt. 
MAT Toxoplasma Bartonella Dirofilaria 
titer gondii spp.lgG FeLv Ag FIV Ab immitis Ag 
<5 8 1 0 
5 9 3 0 2 
10 9 3 0 0 0 
20 3 0 1 1 0 
40 5 2 0 2 0 
80 5 6 0 3 1 
160 15 7 7 0 
320 22 14 2 7 0 
2:640 104 69 4 36 3 
Total 180 105 8 59 6 
test, LAT) from Giza, Cairo, and Kalubya, Egypt, by Hassanain 
et aL (2008). The serological tests used could also account for 
differences among these surveys. Three decades earlier, Rifaat et 
aL (1976) had reported dye test antibodies in 39.6% of 318 cats 
from Cairo, Egypt. Nothing is known of the validity of IF A, IHA, 
and LAT for the detection of T. gondii antibodies in naturally 
infected cats. Tissues of 158 of the 180 cats in the present study 
were bioassayed in mice, and T. gondii was isolated from 114 of 
130 seropositive (1:25 or higher) cats and from 1 (MAT <1:5) of 
7, suggesting the specificity of the MAT. 
The prevalence of Bartonella spp. infections in the present study 
was also high (59%), and 104 (57%) cats had both T. gondii and 
Bartonella spp. antibodies. The Bartonella assay performed here 
used B. henselae antigens. However, it appears that antibodies to 
B. koehlerae and B. clarridgeaie are also detected in the assay. 
Thus, is cannot be stated with certainly which Bartonella species 
infected the cats. Each of these agents is thought to be transmitted 
by fleas, Ctenocephalides felis. Bartonella spp. DNA was found in 
fleas collected from rats in Egypt (Loftis et aI., 2006). To our 
knowledge, this is the first report of Bartonella spp. infections in 
cats from Egypt. 
The assay used here cannot distinguish FIV antibodies induced 
by natural infection from those induced by vaCcination (Levy et aI., 
2008). However, the FIV vaccine is not available in Egypt, and so it 
is likely these results reflect natural FIV infection. The FIV 
seroprevalance rate was approximately 4 times the seroprevalence 
for FeLv. FlY is transmitted primarily by biting and FeLv by 
passive contact (Levy et aI., 2008). The higher FlV seroprevalence 
likely reflects the feral nature of the cats. Dirofilaria immitis is 
known to be present in dogs in Turkey (Yaman et aI., 2009) and 
Iran (Azari-Hamidian et aI., 2009), and the positive test results in 
cats reflect exposure to infected mosquitoes. To our knowledge this 
is the first report of D. immitis infection in any animal in Egypt. 
There is a considerable variability with respect to T. gondii 
prevalence and concurrent infections. There could be many 
reasons for this observation, including different serological tests, 
cutoff titers, and types of cats surveyed (Dubey et aI., 2009). Witt 
et aL (1989) and Childs et aL (1994) tested stray and pets cats from 
Baltimore, Maryland, and found that 14.7% had Bartonella spp., 
2.4% had FIV, and 15.2% were seropositive to T. gondii; all 3 
infections were higher in older cats. Both the magnitude of T. 
gondii titer and the seroprevalence were higher in FIV-infected 
cats (Witt et aI., 1989). Domy et aL (2002) reporting on Ghent, 
Belgium, also reported similar findings in stray cats; the FIV-
infected cats were more likely to be seropositive for T. gondii and 
with higher antibody titers, but the seroprevalence of T. gondii 
was too high (70.2%) in this population of cats to make an 
accurate assessment. In the study reported by Nutter et aL (2004) 
from North Carolina, all infections were higher in stray cats than 
in pets. Maruyama et aL (1998, 2003) did not find a positive 
association among T. gondii, Bartonella spp., and FIV infections 
in cats in Japan. 
Recently Akhtardaesh et aL (2010) reported seroprevalences of 
32.1 % for T. gondii, 19.2% for FIV, and 14.2% for FeLv in 140 
cats from Iran, and seropositivity for all 3 infections was higher in 
older cats. In general FIV and FeLv infections are higher in stray 
male cats. Unfortunately, data for sex and age for cats in the 
present study were not available. Nevertheless, we were able to 
definitively document FeLv, FIV, and D. immitis infections in cats 
in Egypt for the first time. 
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SEROLOGICAL RESPONSE OF CATS TO EXPERIMENTAL BESNOITIA DARLINGI AND 
BESNOITIA NEOTOMOFELIS INFECTIONS AND PREVALENCE OF ANTIBODIES TO THESE 
PARASITES IN CATS FROM VIRGINIA AND PENNSYLVANIA 
Alice E. Houk, Alexa C. Rosypal*, David C. Grantt, J. P. Dubeyt, Anne M. Zajac, Michael J. Yabsley§, and 
David S. Lindsay II 
Department of Biomedical Sciences and Pathobiology, Virginia-Maryland Regional College of Veterinary Medicine, Virginia Tech, Blacksburg, 
Virginia 24061-0342. e-mail: lindsayd@vt,edu 
ABSTRACT: Besnoitia darlingi and Besnoitia neotomofelis are cyst-forming tissue apicomplexan parasites that use domestic cats (Felis 
domesticus) as definitive hosts and opossums (Didelphis virginiana) and Southern Plains woodrats (Neotoma micropus) as intermediate 
hosts, respectively, Nothing is known about the prevalence of B, darlingi or B, neotomofelis in cats from the United States. Besnoitia 
darlingi infections have been reported in naturally infected opossums from many states in the United States, and B. neotomofelis 
infections have been reported from Southern Plains woodrats from Texas, but naturally infected cats have not been identified. The 
present study examined the IgG antibody response of cats to experimental infection (B. darlingi n = I cat; B. neotomofelis n = 3 cats). 
Samples from these cats were used to develop an indirect immunofluorescent antibody test (IFAT), which was then used to examine 
seroprevalence of IgG antibodies to tachyzoites of B. darlingi and B. neotomofelis in a population of domestic cats from Virginia (N = 
232 cats) and Pennsylvania (N = 209). The serum from cats inoculated with B. darlingi or B. neotomofelis cross-reacted with each 
other's tachyzoites. The titers to heterologous tachyzoites were I to 3 dilutions lower than to homologous tachyzoites. Sera from B. 
darlingi- or B. neotomofelis-infected cats did not react with tachyzoites of Toxoplasma gondii or Neospora caninum or merozoites of 
Sarcocystis neurona using the IFAT. Antibodies to B. darlingi were found in 14% and 2% of cats from Virginia and Pennsylvania, 
respectively. Antibodies to B, neotomofelis were found in 5% and 4% of cats from Virginia and Pennsylvania, respectively. Nine cats 
from Virginia and 1 cat from Pennsylvania were positive for both. 
Besnoitia is a group of cyst-forming tissue apicomplexan 
parasites, some of which are of veterinary significance. Several 
Besnoitia species cause fatal infections and economic losses in 
domestic animals and wildlife in various countries (Dubey, 2009; 
Mehlhorn et aI., 2009). Besnoitia darlingi uses cats and opossums 
in its life cycle. The Virginia opossum (Didelphis virginiana) is the 
intermediate host, and domestic cats (Felis domesticus) are 
definitive hosts. Cats become infected by ingesting tissue cysts 
from opossums and produce oocysts that are shed in the feces 
(Smith and Frenkel, 1977, 1984; Dubey et aI., 2002). Ten species 
of Besnoitia have been described, and domestic cats are the 
definitive hosts for the 4 species with known life cycles (reviewed 
by Dubey and Yabsley, 2010; Kiehl et aI., 2010). The life cycles of 
the remaining 6 Besnoitia species are presently unknown. 
Little is known about the epidemiology of B. darlingi in cats 
from the United States. Besnoitia darlingi tissue cysts or 
antibodies have been described in opossums from Illinois, 
Indiana, Kentucky, Louisiana, Michigan, Mississippi, Missouri, 
and Texas (reviewed by Houk et aI., 2010). Natural B. darlingi 
infections have been diagnosed in United States opossums (Houk 
et aI., 2010); however, naturally infected cats have not yet been 
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identified (Dubey et aI., 2002), and there is no information 
regarding the prevalence of B. darlingi in cats in the United States. 
This is due to the difficulty in identifying Besnoitia spp. oocysts 
and in differentiating them from oocysts of Toxoplasma gondii 
in cat feces. Moreover, Besnoitia sp. antigen is unavailable 
commercially and must be grown in cell culture systems. 
Besnoitia neotomofelis Dubey and Yabsley, 2010 was described 
from naturally infected Southern Plains woodrats (Neotoma 
micropus). Laboratory mice (Mus musculus) and rats (Rattus 
norvegicus) have been shown to be intermediate hosts, and cats 
have been identified as the definitive host (Dubey and Yabsley, 
2010). Phylogenetic analysis using the 18S rRNA gene and the 
ITS-1 region indicated that B. neotomofelis is distinct from B. 
darlingi, Besnoitia wallacei, and Besnoitia oryctofelisi, all of which 
utilize cats as a definitive host (Dubey and Yabsley, 2010). 
The present study was conducted to investigate the serological 
response of cats to inoculation with tachyzoites of B. darlingi and 
B. neotomofelis and to determine the seroprevalence of antibodies 
to these 2 Besnoitia species in cats from Virginia and Pennsylva-
nia. In addition, we also evaluated the indirect immunofluores-
cent antibody test (IF A T) using sera from experimentally infected 
cats for cross-reactivity to stages of T. gondii, Neospora caninum, 
and Sarcocystis neurona. 
MATERIALS AND METHODS 
Parasite cultivation 
Tachyzoites of B. darlingi (strain of Dubey et aI., 2002) and B. 
neotomofelis (strain of Dubey and Yabsley, 2010) were grown separately in 
human foreskin fibroblasts (Hs68, ATCC CRLl635, Manassas, Virginia) 
that had grown to confluence in 75-mm2 tissue culture flasks. Growth 
media consisted of 10% Fetal Bovine Serum (FBS) (v/v) in RPMI 1640 
medium, supplemented with 100 U penicillin!mI and 100 mg streptomycin! 
mi. After monolayers had reached confluence, the growth medium was 
removed and replaced with a maintenance medium that was identical to 
the former, except the volume ofFBS was 2% (v/v). Flasks were incubated 
at 37 C in a humidified incubator containing 5% CO2 and 95% air. 
Additionally, tachyzoites of the RH strain (Sabin, 1941) of T. gondii and 
the NC-I strain (Dubey et aI., 1988) of N. caninum were grown in Hs68 
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cells, and merozoites of the SN-37R isolate (Sofaly et aI., 2002) of S. 
neurona were grown and maintained in African green monkey (Cercopi-
thecus aethiops) kidney cells (CV-I, ATTC CCL-70, ATCC) using 
techniques identical to those described for Hs68 cells. 
Experimental inoculation of cats 
Four 3- to 4-mo-old cats from the parasite-free colony (Dubey, 1995) 
housed at the United States Department of Agriculture, Animal Parasitic 
Diseases Laboratory, Beltsville, Maryland, were used to examine the IgG 
antibody response to B. darlingi and B. neotomofelis. Cat 77 was 
inoculated subcutaneously with I X 106 tachyzoites of B. darlingi, and 
serum samples were collected on days 0, 7, and 36 postinoculation (PI). 
Two cats (90, 91) were fed infected mouse tissues containing B. 
neotomofelis tissue cysts; the mice had been fed B. neotomofelis oocysts 
5 mo earlier. Both cats remained asymptomatic and shed B. neotomofelis 
oocysts 12-25 (cat 90) and 13-20 (cat 91) day PI. Sera samples were 
collected from these cats on days 0, 26, and 40 PI. An additional sample 
from cat 90 was collected on day 10 PI. Cat 78 was inoculated 
subcutaneously with I X 106 cell culture-derived B. neotomofelis 
tachyzoites, and serum samples were collected on days 0, 7, and 36 PI. 
Sera samples were shipped by overnight carrier to the Center for 
Molecular Medicine and Infectious Diseases (CMMID), Virginia-Mary-
land Regional College of Veterinary Medicine, Virginia Tech, Blacksburg, 
Virginia, and stored at 4 C until examined. Sera samples were used at an 
initial dilution of 1:50 and end-point titrated (Table I). Sera samples from 
all 4 cats were examined for titers against B. darlingi and B. neotomofelis 
on each sample collection day. Sera samples collected from last evaluation 
period (days 36 or 40 PI) were used to examine specificity of the test using 
T. gondii, N. caninum, and S. neurona stages as antigens. 
Feline samples and immunofluorescent antibody test 
Feline serum or plasma samples were obtained from 441 cats for the 
present study (Hsu et aI., 2010). Serum or plasma samples were collected 
from 232 cats from Virginia as part of an ongoing study of kidney disease 
conducted at the Department of Small Animal Clinical Science, at the 
Virginia-Maryland Regional College of Veterinary Medicine, Blacksburg, 
Virginia. An additional 209 serum samples were acquired from an animal 
shelter in Philadelphia, Pennsylvania. These samples were initially used in 
a study of the seroprevalence of T. gondii (Dubey et aI., 2008). Serum and 
plasma samples were stored at - 20 C until used. 
For collection of parasites for the IFAT, infected Hs68 or CV-I cells 
were removed with a cell scraper, the media mixture was filtered through 
3-llm polycarbonate filters (GE Water and Process Technologies, 
Minnetonka, Minnesota), and parasites were pelleted by centrifugation. 
After 3 washes in phosphate-buffered saline (PBS), the cell suspension 
containing approximately 0.5-1 X 104 tachyzoites/merozoites in 25 III of 
PBS was dispensed into each well of a 12-well Teflon-coated IFAT slide 
(Fisher Scientific, Pittsburgh, Pennsylvania). Antigen-containing slides 
were then left to dry at room temperature for 4 to 12 hr and stored at 
- 20 C until used. 
Cat serum or plasma samples were diluted at I: 100 in PBS, and 25 III 
were pipetted into each well of the antigen-containing slides. The slides 
were incubated for 30 min at room temperature in a humidified chamber. 
Subsequent to 2 consecutive washes in PBS, fluorescence-labeled goat 
anti-rabbit IgG (Kirkegaard and Perry Labs Inc., Gaithersburg, 
Maryland) was diluted 1:5 in PBS, and 25 III aliquots were added to 
each well of the slides. The slides were incubated for 30 min at room 
temperature in a humidified chamber. Following 3 consecutive washes in 
PBS, slides were mounted in Fluoromount-G (Southern Biotechnology 
Associates Inc., Birmingham, Alabama), and assessed using an Olympus 
BX60 epifluorescent microscope equipped with differential contrast optics 
(Olympus America Inc., Center Valley, Pennsylvania). Samples that 
exhibited fluorescence of the entire parasitic surface were considered to be 
positive. 
RESULTS 
None of the experimentally infected cats was seropositive to B. 
darlingi or B. neotomofelis prior to inoculation (Table I). All cats 
seroconverted to the Besnoitia species inoculated and demon-
TABLE I. Serological response (reciprocal antibody titer) of cats inoculated 
separately with I X 106 tachyzoites of Besnoitia darlingi or B. neotomofelis 
and tissue cysts of B. neotomofelis and examined using the indirect 
fluorescent antibody test at various days postinoculation (PI). 
B. darlingi B. neotomofelis 
Cat Inoculum Day PI titer titer 
77* B. darlingi 0 <1:50 <1:50 
77 B. darlingi 7 1:800 1:200 
77 B. darlingi 36 1:800 1:200 
78* B. neotomofelis 0 <1:50 <1:50 
78 B. neotomofelis 7 <1:50 <1:50 
78 B. neotomofelis 36 1:200 1:200 
90t B. neotomofelis 0 <1:50 <1:50 
90 B. neotomofelis 10 <1:50 <1:50 
90 B. neotomofelis 26 1:200 1:200 
90 B. neotomofelis 40 1:200 1:800 
91t B. neotomofelis 0 <1:50 <1:50 
91 B. neotomofelis 26 <1:50 <1:50 
91 B. neotomofelis 40 1:100 1:200 
• Tachyzoites. 
t Tissue cysts. 
strated cross-reactive reactions with the Besnoitia species not 
inoculated. None of the serum samples from cats experimentally 
inoculated with B. darlingi or B. neotomofelis collected on any 
examination day PI reacted with stages of T. gondii, N caninum, 
or S. neurona in the IFAT. No reactivity to B. darlingi was 
observed in cats that had previously tested positive for antibodies 
to T. gondii or S. neurona (Dubey et aI., 2008; Hsu et aI., 2010). 
Antibodies to B. darlingi and B. neotomofelis were found in 
14% and 5% cats, respectively, from Virginia. Nine of these cats 
were positive for both B. darlingi and B. neotomofelis. Antibodies 
to B. darlingi and B. neotomofelis were found in 3 and 5 cats, 
respectively, from Pennsylvania. One of these cats was positive for 
both B. darlingi and B. neotomofelis. 
DISCUSSION 
Besnoitia spp. parasitize domestic and wild animals. In some 
parts of the world, these parasites cause serious economic losses in 
cattle. Ten species of Besnoitia have presently been named (Dubey 
and Yabsley, 2010), but the life cycle is not known for any species. 
Cats have been identified as the definitive host for B. wallacei, B. 
darling, B. oryctofelisi, and the recently recognized species B. 
neotomofelis (Dubey and Yabsley, 2010). 
Smith and Frenkel (1984) examined the serological response to 
B. darlingi inoculation of opossums and cats using tachyzoites of 
Besnoitia Jellisoni as an antigen in the Sabin-Feldmen dye test 
(SFDT). Sera samples from 5 opossums inoculated with tissue 
cysts oocysts, tachyzoites, or a mixture of all 3 stages 
seroconverted to B. Jellisoni in the SFDT. They (Smith and 
Frenkel, 1984) reported that 2 cats given B. darlingi oocysts did 
not seroconvert in the SFDT or excrete oocysts. Five of 14 cats 
given B. darlingi tissue cysts demonstrated seroconversion to B. 
Jellisoni in the SFDT, and all 14 cats excreted oocysts (Smith and 
Frenkel, 1984). This suggests that intestinal infection with stages 
of B. darlingi does not induce a strong serological response. 
Interestingly, 2 of 4 cats challenged with B. darlingi after excreting 
oocysts were susceptible to repeat oocyst excretion (Smith and 
Frenkel, 1984). The cat in the present study inoculated with 
tachyzoites seroconverted to homologous antigen in the IF A T. 
The results of our study are difficult to compare to those of Smith 
and Frenkel (1984) because different serological tests and 
different strains of B. darlingi and modes/stages were used to 
administer parasites. We demonstrated cross-reactivity of cat B. 
darlingi anti-sera with B. neotomofelis antigen and cross-reactivity 
of cat B. neotomofelis anti-sera with B. darlingi in the present 
study, and this is consistent with the finding of cross-reactivity of 
cat B. darlingi anti-sera with B. jellisoni antigen reported by Smith 
and Frenkel (1984). We also demonstrate that antibodies in cat 
sera to B. darlingi or B. neotomofelis were not cross-reactive to T. 
gondii, N. caninum, or S. neurona in the IFAT. Lunde and Jacobs 
(1965) demonstrated cross-reactivity of B. jellisoni and T. gondii in 
rabbit sera using the hemagglutination test, but not the dye test. 
This is the first report to use the IF A T to examine the 
prevalence of exposure of domestic cats to B. darlingi. In the 
United States, B. darlingi tissue cysts have been reported from I of 
1 opossums from Illinois (Flatt et a!., 1971), 6 of 6 from Indiana 
(Jack et a!., 1989), 1 of 5 (20%) from Kentucky (Conti-Diaz et a!., 
1970), 1 of 1 from Louisiana (Shaw et a!., 2009), 15 of 137 (11 %) 
from Michigan (Elsheikha et a!., 2003), 2 of 2 from Mississippi 
(Dubey et a!., 2002), 7 of 12 (58%) from Missouri (Flatt et a!., 
1971; Smith and Frenkel, 1977), and 1 of 1 Texas (Stabler and 
Welch, 1961). Antibodies to B. darlingi have been described in 14 
of 30 (47%) opossums from southern Louisiana using the IFAT 
(Houk et a!., 2010). It is likely that B. darlingi is present 
throughout the range of opossums in North America. 
Dubey and Yabsley (2010) reported that acid-pepsin-digested 
tissues from I of 38 woodrats from Texas were positive for B. 
neotomofelis. Tissue cysts of B. neotomofelis collected from 
experimentally infected rodents were infectious for 7 of 13 cats, 
which excreted few oocysts in their feces (Dubey and Yabsley, 
2010). Extraintestinal stages of B. neotomofelis have been 
demonstrated in experimentally infected cats. No other studies 
have been conducted on the prevalence of B. neotomofelis in 
woodrats or other potential intermediate hosts. 
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SEROPREVALENCE AND RISK FACTORS FOR TOXOPLASMA GONDIIINFECTION ON PIG 
FARMS IN CENTRAL CHINA 
Qing Tao*, Zhengsong Wang*, Huihui Feng*, Rui Fang*, Hao Nie*, Min Hu*, Yanqin Zhou*t:j:, and Junlong Zhao*:j: 
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei, PR China. e-mail: yanqinzhou@mail. 
hzau.edu.cn 
ABSTRACT: Toxoplasma gondii is a protozoan parasite that causes severe diseases in mammals, including humans, around the world. 
In China, pork is the main meat source; accordingly, T. gondii in pigs is considered an important source for human toxoplasmosis. 
Understanding the epidemiology of toxoplasmosis in pig farms is thus important for control of the disease in humans. The purpose of 
the present study was to investigate the epizootiology of T. gondii infections in pig farms in central China by assessing the 
seroprevalence and risk factors of this disease. In the present study, 3,558 sera samples were collected from pigs in 37 large-scale pig 
farms in this region and tested by AG-ELISA. The total seroprevalence was 24.5%, with the greatest prevalence in breeding pigs. The 
risk factors for toxoplasmosis suggest that high frequency of the contact of pigs with cats (P S 0.01; IC 95%), high density of pig 
breeding (P S 0.01; IC 95%), the presence of mosquitoes and flies (P S 0.01; IC 95%), semi-patency pens (P S 0.05; IC 95%), and low 
frequency of scavenging (P S 0.01; IC 95%) were all associated with seroprevalence. In addition, the use ofsulfonamides (P S 0.01; IC 
95%) significantly decreased seroprevalence. This is the first report of anti-To gondii antibodies in pigs on large-scale pig farms in 
central China. The findings will provide useful information for designing control strategies of toxoplasmasis in pig farms. 
Toxoplasma gondii is an intracellular protozoan infecting a 
large number of warm-blooded animals in the world. The parasite 
is able to form tissue cysts in most host species (Gauss et aI., 2005; 
Villari et al., 2009). Although T. gondii has been identified as an 
opportunistic pathogen, it can cause life-threatening disease in 
immunocompromised individuals, such as patients suffering from 
organ transplantation and AIDS (Dubey and Jones, 2008). In 
addition, abortion may be caused by this infection at the time of 
early gestation through the transplacental transmission; infection 
during the later gestation may result in some fetal diseases such as 
loss of vision and malformation, as well as mental retardation and 
subclinical symptoms (Yano, 2002; Ave1ino et aI., 2003; Barbosa 
et aI., 2009; Villari et aI., 2009). Most domestic animals become 
infected congenitally or by ingestion of food and water 
contaminated with sporulated oocysts (Ave1ino et aI., 2003; 
Gauss et aI., 2005; Dubey and Jones, 2008; Villari et aI., 2009). In 
short, toxoplasmosis not only causes immense economic losses to 
pig industry but also is a large threat to pork consumers. 
Hubei province, which is located in central China with a human 
population of 60 million, is a major pig producer in China (Zhang 
et aI., 2007). In 2008, pig production was 34.98 million, which 
ranked the province as the fifth largest producer nationwide. Pork 
is the main source of meat consumed by people in this region. 
Many people become infected with T. gondii by ingestion of 
undercooked meat. To date, there are no reports on the 
prevalence of T. gondii infection in pig farms in central China. 
The aims of the present study were to determine the seropreva-
lence of T. gondii infections in pigs from large-scale pig farms in 
central China and to evaluate the risk factors associated with 
these infections. 
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MATERIALS AND METHODS 
Geography of study area 
Hubei province is located in the center of China with a size of 1.859 
million km2; it is situated at 108°21 '-116°07' longitude and 29°05'-33°20' 
latitude. A subtropical monsoon climate simultaneously provides for both 
abundant sunshine and rainfall (800-1,600 mm). The average temperature 
ranges between 15 and 17 C, with the highest temperature reaching 40 C. 
Since the topography of Hubei is diverse, the sampled pig farms in the 
present study were located in mountains, hills, and plains from east to 
west. 
Sampling and sera preparation 
Consecutive sampling was carried out from June 2008 to August 2009 in 
the areas of Wuhan, Huanggang, Xiaogan, Yichang, Xiangfan, and 
Jingmen in Hubei province. Briefly, using sterile syringes, whole blood 
samples were collected randomly from the precaval vein or ear vein of pigs 
from 37 large-scale farms. Sera were separated from the collected blood by 
centrifugation at 1,920 g for 5 min and stored at -2 C until use. The 
animals were divided into different groups of 4-, 7-, 12-, and 16-wk-old 
and replacement gilts, i.e., 1-2 parities, 3-4 parities, more than 5 parities, 
and boars. 
Collection of risk factor data 
In order to collect the information regarding associated risk factors, a 
questionnaire was developed using closed or open-ended questions at 
the time of sampling (Barbosa et ai., 2009). The parameters of the 
questionnaire included frequency of contact for pigs with cats, density 
of pig breeding, occurrence of mosquitoes and flies, frequency of 
scavenging, usage of sulfonamides, type of pens, water supply, 
frequency of disinfection, and topography of farms. Part of the 
questionnaire was completed by interviewing the owner/manager via 
face-to-face dialogue. 
Serological examination 
Antibodies to T. gondii were detected by AG-ELISA as previously 
described (Zhang et al., 201O). In brief, 1000 sera diluted to 1:160 were 
added to 96-well V-bottomed polystyrene plates coated with recombinant 
MIC3. The antigens and antibodies were incubated for 1 hr at 37 C. 
Positive and negative controls were also included in the test. The plates 
were then washed 3 times with PBS; 100 III diluted horseradish 
peroxidase conjugated AG (1:4,000) were added. Peroxidase activity 
was indicated by adding 100 III of tetramethylbenzidine solution for 
10 min at room temperature, while protecting them from light. The 
reaction was then terminated immediately, and an OD value was 
determined at 630 nm using automatic ELISA reader (BioTek, ELx800, 
Winooski, Vermont). 
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TABLE I. Seroprevalence of toxoplasmosis in different age groups of pigs in Hubei. 
Replacement 
4 weeks 7 weeks 12 weeks 16 weeks gait 1-2 parity 3-4 parity 25 parity Boars Total 
No. of samples 427 440 
39 
8.9 
437 
68 
15.6 
434 172 429 427 409 383 3,558 
No. of positive 46 99 
Positive rate (%) 10.8 28.8 
Statistical analysis 
The statistical analysis was performed by chi-square test, using the SAS 
9.1.3 (SAS, Cary, North Carolina) statistical analysis system and Excel 
(Microsoft Excel 2003). The differences were considered statistically 
significant when P :0; 0.05, and highly significant when P :0; 0.01. The 
confidence intervals (95% of confidence level) of prevalence were 
calculated based on Gauss et al. (2005). 
RESULTS 
From 3,558 samples, 873 (24.5%) were found positive for the 
presence of anti-I: gondii antibodies (Table I). Higher seroprev-
alence was observed in adult pigs compared with piglets. The chi-
square test analysis showed statistically significant differences (P 
:S 0.01) among the prevalences of I: gondii infection from various 
age groups, with the highest in replacement gilts (39.5%; 68/172) 
and lowest in 7-wk-old piglets (8.9%; 39/440). The prevalence 
increased with age (Table I). Moreover, the prevalence of 
toxoplasmosis was also higher (P :S 0.01) in boars than in piglets 
(Table I). 
Results from various risk factors are summarized in Table II. 
Highest prevalence of toxoplasmosis was observed in pigs that 
had high frequency of exposure to cats (28.5%; P :S 0.01). Higher 
seroprevalence of the disease (24.8%; P :S 0.01) was also present 
in pigs with high breeding frequency compared with those in pigs 
with low density of breeding (16.2%). Interestingly, I: gondii 
antibodies were also detected in 176 of 988 pigs from the farms 
lacking mosquitoes and flies. There was significant difference (P 
:S 0.01) between the prevalence from farms with control measures 
against these insects and that from farms without control 
measures. Farms in which pigs were allowed to scavenge once a 
day were also subject to higher risk of infection (25.6%; P:S 0.01) 
than those that scavenged multiple times a day. The use of 
sulfonamides apparently contributed to the reduction of I: gondii 
antibodies (P :S 0.01) (Table II). The seroprevalence was 
significantly higher (P :S 0.05) in pigs reared on semi-patency 
farms (24.0%) than that from pigs on lutation farms (20.2%). 
Types of water supply, frequency of disinfection, and topography 
of farms were not associated (P > 0.05) with the prevalence of 
toxoplasmosis. 
DISCUSSION 
The present study investigated the seroprevalence of I: gondii 
infection in 3,558 pigs on 37 large-scale pig farms in Hubei 
province, China, and evaluated the risk factors related to the 
external and internal environment and breeding management of 
pig farms. Overall seroprevalence of I: gondii was 24.5%, which 
indicated the severity of prevalence of toxoplasmosis in large pig 
farms in central China. The evaluation of risk factors was fairly 
comprehensive so that it could provide persuasive evidence and 
references for the prevention of this disease in pig farms. 
68 137 140 156 120 873 
39.5 31.9 32.8 38.1 31.3 24.5 
Our results showed that the seroprevalence of I: gondii 
infection in adult pigs was significantly higher than that in 
piglets. The increase in seroprevalence in adult pigs with 
increasing age was attributed to the increasing exposure of pigs 
to I: gondii (Silva et aI., 2007). Moreover, the higher seroprev-
alence in adult pigs could also be related to the immunosuppres-
sion caused by the combination of pregnancy-associated stress 
and hormonal changes (Barbosa et aI., 2009). 
The present study also revealed that high frequency of exposure 
of pigs to cats could significantly increase the seroprevalence of 
toxoplasmosis, which is in agreement with the previous reports 
(Villari et aI., 2009). This is not surprising since as the definitive 
hosts of I: gondii, cats would be a primary transmission source 
(Haddadzadeh et aI., 2006); i.e., their feces containing I: gondii 
TABLE II. Statistical analyses of risk factors for toxoplasmosis in pig farms. 
No. of Positive rate P 
Risk factor samples (%) Chi-square (95% CI) 
Frequency of exposure to cat 
High 1,100 314 (28.5) 43.387** :0;0.01 
Low 1,545 288 (18.6) 
Breeding density 
High 2,009 499 (24.8) 20.844** :0;0.01 
Low 636 103 (16.2) 
Mosquitoes and flies 
Yes 1,833 437 (23.8) 17.199** :0;0.01 
No 988 176 (17.8) 
Frequency of scavenge 
Once/day 1,644 421 (25.6) 15.963** :0;0.01 
Multiple/day 1,001 181 (18.1) 
Su1fonamides 
Yes 1,545 333 (21.6) 13.179** :0;0.01 
No 2,516 646 (25.7) 
Form of pens 
Semi-patency 2,598 623 (24.0) 6.098* :0;0.05 
Lutation 697 141 (20.2) 
Water supply 
Surface water 507 130 (25.6) 2.845 :0;0.05 
Tap/well water 2,138 472 (22.1) 
Frequency of disinfection 
Once/week 1,730 413 (23.9) 1.543 :0;0.05 
Multiple/week 1,565 351 (22.4) 
Topography of farms 
Hills 1,327 309 (23.3) 0.054 :0;0.05 
Plain 1,970 455 (23.1) 
• p :5 0.05, indicating significant difference; ** P :5 0.01, indicating highly 
significant difference. 
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oocysts should naturally contaminate the feed, water, and soil of 
the pig farms. 
The seroprevalence of toxoplasmosis was higher in pigs kept at 
high density. Aggression and biting among pigs occurred with 
high density among the swine partners during breeding, increasing 
the chance of T. gondii tachyzoite infection. 
Exposure to mosquitoes and flies significantly increased the 
seroprevalence. Although researchers previously failed to transmit 
T. gondii via insects (Ferguson, 2009), high prevalence in insect-
exposed pigs in the present study may indicate that mosquitoes and 
flies could be a source of T. gondii infection. The explanation could 
be mechanical transmission, i.e., phoresis, for T. gondii from 
oocyst-contaminated feces and soil to healthy pigs (Chen, 2008). 
The present study revealed low prevalence of toxoplasmosis in 
sulfonamide-treated pigs. Although some studies reported higher 
variability in the efficacy of sulfonamides against toxoplasmosis 
and evidence of drug resistance, these drugs still have been widely 
used for the prevention and treatment of toxoplasmosis (Payen et 
aI., 1997; Brezin et aI., 2003; Dehua et aI., 2004; Meneceur et aI., 
2008). Our results suggest that it may be an effective way for 
controlling toxoplasmosis. 
The occurrence of T. gondii was significantly different (P :5 0.05) 
in pigs kept under semi-patency (24.0%) and lutation pigsties 
(20.2%). The semi-patency pigsties were a closed type with an open 
area in the front and short walls. In contrast, lutation pigsties were 
covered with walls and a roof without any open area, except for an 
appropriate number of windows necessary for ventilation. Accord-
ingly, lutation pigsties can decrease the contact of the swinery with 
the surrounding environment, thereby preventing contact with cats 
and decreasing the chance of oocyst transmission. 
In conclusion, the infection of toxoplasmosis of pigs in central 
China is a serious problem according to our results. This disease 
brings not only economic losses to pig farms but is also a large 
threat to pork consumers. Our findings provided valuable 
information on making suggestions for the prevention and 
control of toxoplasmosis on pig farms in China. 
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A NEW DICYEMID FROM OCTOPUS HUBBSORUM (MOLLUSCA: 
CEPHALOPODA:OCTOPODA) 
Sheila Castellanos-Martinez, M. Carmen Gomez*, F. G. Hochbergt, Camino Gestal, and Hidetaka Furuyat 
Instituto de Investigaciones Marinas (CSIC), Eduardo Cabello 6, 36208 Vigo, Spain. e-mail: hfuruya@bio.sci.osaka-u.ac.jp 
ABSTRACT: A new species of dicyemid mesozoan is described from Octopus hubbsorum Berry, 1953, collected in the south of Bahia de 
La Paz, Baja California Sur, Mexico. Dieyema guayeurense n. sp, is a medium-size species that reaches about 1,600 11m in length. It 
occurs in folds of the renal appendages. The vermiform stages are characterized as having 22 peripheral cells, a conical calotte, and an 
axial cell that extends to the base of the propolar cells. Infusoriform embryos consist of 39 cells; 1 nucleus is present in each urn cell and 
the refringent bodies are solid. This is the first of a dicyemid species from a host collected in the Gulf of California. 
Dicyemid mesozoans (Phylum Dicyemida) are the most 
common endosymbionts typically found in the renal sac of 
benthic cephalopod molluscs, In total, 114 species of dicyemids 
have so far been reported in at least 43 species of benthic 
cephalopods, Most of them were found to be host specific 
(Furuya, 1999), Dicyemids are distributed in a variety of 
geographical localities, i,e" Okhotsk Sea, Japan Sea, western 
and northeastern Pacific Ocean, New Zealand, northern Indian 
Ocean, Mediterranean, northwestern and eastern Atlantic Ocean, 
and Antarctic Ocean, In Mexico, the dicyemid mesozoan fauna 
has received little attention, Dicyemids belonging to Dicyema and 
Dicyemennea have been described off the Pacific coast of Baja 
California, Mexico (McConnaughey, 1941, 1949a, 1949b), More 
recently, Dicyema shorti was described from the Gulf of Mexico 
(Furuya et aI., 2002), 
In the present article, we describe a new species from Octopus 
hubbsorum Berry, 1953, collected off Bahia de La Paz, Baja 
California Sur, Mexico, This is the first dicyemid described from 
the Gulf of California, 
MATERIALS AND METHODS 
In this study, 53 individuals of O. hubbsorum were examined for 
dicyemids from 2003 to 2004. Host specimens were obtained from 
fishermen, who collected them in the south of Bahia de La Paz, Gulf of 
California, Mexico. Small pieces of the renal organ with attached 
dicyemids were removed and smeared on glass microscope slides. Tbe 
smears were fixed immediately in Bouin's fluid and then stored, They were 
stained in Ehrlich's hematoxylin or ferric hematoxylin and counterstained 
in eosin, Stained smears were mounted with low-viscosity synthetic resin 
(Citoseal, Kalamazoo, Michigan), Dicyemids were observed with Zeiss 
and Olympus light microscopes at magnifications up to X2,000, 
Measurements and drawings were made with the aid of an ocular 
micrometer and a drawing tube, respectively. 
The terminology for cell names used in the description of infusoriform 
larvae is based on Nouvel (1948), Short and Damian (1966), Furuya et al. 
(1992a, 1997), and Furuya (1999), 
Specimens of the dicyemids are deposited in the Coleccion Helminto-
logica del Museo de Historia Natural of the Universidad Autonoma de 
Baja California Sur (CPMHN-UABCS 250, CPMHN-UABCS 251, 
CPMHN-UABCS 252), Mexico, The syntypes and host specimen 
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(symbiotype) are deposited in the collection of the Department of 
Invertebrate Zoology, Santa Barbara Museum of Natural History, Santa 
Barbara, California (SBMNH 357585, SBMNH 357586), 
DESCRIPTION 
Dicyema guaycurense n. sp. 
(Figs. 1, 2; Table I) 
Diagnosis: Large dicyemid; body lengths to 1,600 11m. Calotte shape 
conical. Vermiform stages with 22 peripheral cells: 4 propolar cells + 4 
metapolar cells + 2 parapolar cells + 12 trunk cells. Infusoriform embryos 
with 39 cells; refringent bodies solid; and I nucleus present in each urn cell. 
Nematogens (Figs. la, 2a, d): Body lengths 380-1,109 11m, widths 23-
70 11m; widest in region of diapolars; trunk width mostly uniform. 
Peripheral cell number 22 (Table I): 4 propolar cells + 4 metapolar cells + 2 
parapolar cells + 10 diapolar cells + 2 uropolar cells, Calotte conical in 
shape, rounded anteriorly; cilia on calotte about 6 11m long, oriented 
anteriorly, Propolar cells and their nuclei smaller than metapolar cells and 
their nuclei, respectively, Propolar cells occupy anterior 35-50% of calotte 
length when viewed laterally (Figs. 1 a, b, 2d, e). Axial cell cylindrical, 
rounded anteriorly; cell extends forward to middle of meta polar cells, 
About 20 vermiform embryos present in axial cells of large individuals. 
Vermiform embryos (Figs. Ie, 2f, g): Full-grown vermiform embryos 
range from 56 to 69 11m in length, from II to 16 11m in widtb. Peripheral 
cell number 22 (Table I); trunk cells arranged in opposed pairs. Anterior 
end of calotte rounded. Axial cell rounded anteriorly; extends to base of 
propolar cells; nucleus usually located in center of axial cell. Axial cell of 
full-grown embryos often with as many as 4 agametes; 2 in each side of 
axial cell nucleus (Figs. lc, 2g). 
Rhombogens (Figs. Ib,2b, e, e): Body longer than nematogens, lengths 
545-1,600 11m, widths 27-71 11m. Peripheral cell number typically 22 
(Table I). Calotte conical, rounded anteriorly. Axial cell shape and 
anterior extent similar to nematogens. From 1 to 4 infusorigens present in 
axial cell of each parent individual. About 20 infusoriform embryos 
present in axial cells of large individuals. Accessory nuclei usually present 
in trunk cells. 
Infusorigens (Fig. I d; n = 20): Mature infusorigens small sized; 
composed of 4-15 (mode 9) external cells (oogonia and primary oocytes) 
+ 2-5 (mode 4) internal cells (spermatogonia, primary spermatocytes, and 
secondary spermatocytes) + 4-13 (mode 7) spermatozoa. Mean diameter 
of fertilized eggs, 12.6 11m; of spermatozoa, 1.8 11m. Axial cell round or 
ovoid, diameters 9-25 11m. 
Infusoriform embryos (Figs. Ie, f, 2h-j; n = 20): Full-grown embryos 
large, lengths average 29,6 ± 2.4 11m (excluding cilia; mean ± SD); 
length:width:height ratio 1.0:0,84:0.80; shape ovoid, bluntly rounded 
posteriorly; cilia at posterior end 7 11m long. Refringent bodies present, 
solid; occupy anterior 40% of embryo length when viewed laterally 
(Fig. Ie), Cilia project from ventral internal cells into urn cavity (Fig. 2j). 
Capsule cells contain large granules. Mature embryos with 39 cells: 35 
somatic + 4 germinal cells, Somatic cells of several types present: external 
cells cover large part of anterior and lateral surfaces of embryo (2 
enveloping cells); external cells with cilia on external surfaces (2 paired 
dorsal cells + 1 median dorsal cell + 2 dorsal caudal cells + 2 lateral caudal 
cells + 1 ventral caudal cell + 2 lateral cells + 2 posteroventrallateral cells), 
external cells with refringent bodies (2 apical cells); external cells without 
cilia (1 couvercle cell + 2 anterior lateral cells + 2 first ventral cells + 
2 second ventral cells + 2 third ventral cells); internal cells with cilia (2 
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FIGURE I. Dicyema guaycurense n. sp., photographs of specimens on slides in the syntype series (SBMNH 357585 and SBMNH 357586). (a) Anterior 
region of nematogen. (b) Anterior region of rhombogen. (c) Vermiform embryos within axial cell. (d) Infusorigen. (e, f) Infusoriform embryos within 
axial cell: (e) optical sagittal section; (f) optical horizontal section. Scale bars represent 5 llm. Abbreviations: AG, agamete; AX, axial cell; CA, capsule 
cell; CL, calotte; 0, diapolar cell; DC, dorsal caudal cell; E, enveloping cell; L, lateral cell; LC, lateral caudal cell; M, metapolar cell; NI, nucleus of the 
axial cell ofinfusorigen; P, propolar cell; PA, parapolar cell; PO, paired dorsal cell; PO, primary oocyte; PS, primary spermatocyte; R, refringent body; 
S, spermatogonium; SP, sperm; U, urn cell; UP, uropolar cell; VC, ventral caudal cell; VI, ventral internal cell; VI, first ventral cell. 
ventral internal cells); and internal cells without cilia (2 dorsal internal 
cells + 2 capsule cells + 4 urn cells). Each urn cell contains I germinal cell 
and 1 nucleus. All somatic nuclei appear pycnotic in mature infusoriform 
embryos. 
Taxonomic summary 
Syntypes: Allocation of type specimens on slides as follows: slides I, 4, 
5, and 16 from SCM host 38 deposited in California (SBMNH 357586); 
slides 61-63 from SCM host 30 deposited in California (SBMNH 357585). 
Additional slides deposited in La Paz, Baja California Sur, Mexico 
(CPMHN-UABCS 250, CPMHN-UABCS 251, CPMHN-UABCS 252). 
Type host: Octopus hubbsorum Berry, 1953 (Mollusca: Cephalopoda: 
Octopodidae). 
Symbiotype: Male (mature), 112 mm ML; SBMNH 357586. 
Additional host voucher: Male (mature), 80 mm ML; author's collection 
[SCM-25]. 
Other hosts: None. 
Type locality: Mexico, Gulf of California, Baja California Sur, Bahia de 
La Paz, El Pulguero, 24°20'53.4"N, 1I0oI6'05.6"W, -10 m. 
Col/ector and date: Artesinal fisherman, 30 April 2004. 
Site of infection: Anterior ends (calottes) inserted into crypts of the renal 
appendages within the renal sacs. 
Prevalence: In 13 of 53 hosts examined (24.5%). 
Specimens deposited: Syntype slides deposited in California (SBMNH 
357585, SBMNH 357586). 
Etymology: The species name refers to the native people "Guaycuras" 
who lived in the southern region of the peninsula of Baja California, 
Mexico. It is expressed as a Latinized adjective in the nominative case 
agreeing in gender with the generic name (neuter). 
Remarks 
Dicyema guaycurense n. sp. is similar to Dicyema apol/yoni, Nouvel 
1947, Dicyema awajiense Furuya, 2006, Dicyema banyulensis Furuya and 
Hochberg, 1999, Dicyema colurum Furuya, 1999, Dicyema leiocephalum 
Furuya, 2006, Dicyema misakiense Nouvel and Nakao, 1938, and Dicyema 
shimantoense Furuya, 2008, in the number of peripheral cells, the shape of 
the calotte, and the anterior extent of the axial cell of the vermiform 
stages. 
Dicyema apol/yoni was described from Octopus apol/yon (Berry, 1912) 
collected off the Marine View Rock in northern California (Nouvel, 1947). 
The species of the host is now known to be Octopus rubescens Berry, 1953 
(F. Hochberg, unpubl. obs.). Dicyema guaycurense can be distinguished 
from D. apo//yoni based on the maximum number of infusorigens (4 vs. 2) 
and the number of urn-cell nuclei of infusoriform embryos (I vs. 2) 
(Nouvel , 1947; Furuya, Hochberg et aI., 2004). 
Dicyema banyulensis was described from Octopus salutii Verany, 1839 
collected off the French coast in the western Mediterranean (Furuya and 
Hochberg, 1999). Dicyema guaycurense is easily distinguishable from D. 
banyulensis in the number of urn-cell nuclei ofinfusoriform embryos (1 vs. 
2) and in not having swollen parapolar cells in the vermiform stages. 
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FIGURE 2. Dicyema guaycurense n. sp., drawn from specimens on slides in the syntype series (SBMNH 357585 and SBMNH 357586). (a--c) 
Vermiform stages, entire: (a) nematogen, (b, c) rhombogen. (d) Anterior region of nematogen. (e) Anterior region of rhombogen. (C, g) Vermiform 
embryos within the axial cell: (f) cilia omitted, (g) optical section. (h-j) Infusoriform embryos (immature): (h) dorsal view (cilia omitted), (i) ventral view 
(cilia omitted), G) sagittal section. Scale bars represent 5 11m in (a--c) and 10 11m in (d-j). Abbreviations: A, apical cell; AG, agamete; AL, anterior lateral 
cell; AX, axial cell; C, couvercle cell; CA, capsule cell; CL, calotte; D, diapolar cell; DC, dorsal caudal cell; DI, dorsal internal cell; E, enveloping cell; G, 
germinal cell; L, lateral cell; LC, lateral caudal cell; M, metapolar cell; MD, median dorsal cell; P, propolar cell; PA, parapolar cell; PD, paired dorsal 
cell; PVL, posteroventrallateral cell; R, refringent body; U, urn cell; UC, urn cavity; UP, uropolar cell; V, vermiform embryo; VC, ventral caudal cell; 
VI, ventral internal cell; VI, first ventral cell; V2, second ventral cell; V3, third ventral cell. 
Dicyema colurum and D. awajiense were described from Amphioctopus 
fangsiao (d'Orbigny, 1840) collected off Japan (Furuya, 1999, 2006a). 
Dicyema guaycurense differs from D. colurum in the maximum number of 
agametes at eclosion of vermiform embryos (4 vs. 2) and the number of 
urn-cell nuclei of infusoriform embryos (1 vs. 2) (Furuya, 1999). Dicyema 
guaycurense can be distinguished from D. awajiense based on the 
maximum number of agametes at eclosion of vermiform embryos (4 vs. 
I) and the number of cells in the infusoriform embryos (39 vs. 37) (Furuya, 
2006a). 
Dicyema misakisense was described from Octopus vulgaris Lamarck, 
1798 collected in Japanese waters (Nouvel and Nakao, 1938). Dicyema 
guaycurense is distinguishable from D. misakisense in the maximum 
number of agametes at eclosion of vermiform embryos (4 vs. 2) and the 
number of cells in the infusoriform embryos (39 vs. 37) (Furuya et aI., 
I 992b). 
Dicyema leiocephalum was described from Amphioctopus areolatus (de 
Haan, 1840) found off Japan (Furuya, 2006b). In cellular composition of 
the infusoriform embryos, D. leiocephalum is of a particular type that 
possesses anterior internal cells and lacks dorsal internal cells (Furuya et 
aI., 1997; Furuya, Hochberg et aI., 2004; Furuya, 2006b). In this respect, 
D. guaycurense can be separated from D. leiocephalum. 
Dicyema shimantoense was described from Octopus sasakii Taki, 1942 in 
Japanese waters (Furuya, 2008). Dicyema guaycurense is easily distin-
guishable from D. shimantoense in the maximum number of infusorigens 
(4 vs. I) and the number of cells in the infusoriform embryos (39 vs. 37) 
(Furuya, 2008). 
Infusorigen size and number are diagnostic characters of dicyemid 
species (Furuya et aI., 1993). There is a negative curvilinear relationship 
between the number of infusorigens per rhombogen and the number of 
gametes (egg-line and sperm-line cells) per infusorigen (Furuya et aI., 2003; 
Furuya, 2005, 2006a, 2006b, 2006c). Irrespective of genera, 4 distinct 
groups of reproductive strategies are classified within the dicyemid species: 
(1) rhombogens form a relatively small number of medium- to large-sized 
infusorigens (less than 5) and produce a relatively large number of gametes 
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TABLE 1. Number of peripheral cells in new species of dicyemid. 
Number of individuals 
Vermiform 
Cell number embryos Nematogens Rhombogens 
20 0 0 
21 0 I 
22 30 16 10 
(more than 20) per infusorigen; (2) rhombogens produce a large number of 
infusorigens (more than 5), each of which has at most 20 gametes; (3) 
rhombogens produce large numbers of large-sized infusorigens with a 
large number of gametes; and (4) rhombogens form a relatively small 
number of small-sized infusorigens with a few gametes (at most 10) 
(Furuya et ai., 2003; Furuya, 2005, 2006a, 2006b, 2006c). Rhombogens of 
D. guaycurense have a small number of medium-sized infusorigens, and 
thus this species belongs to the first type. In this respect, D. guaycurense 
differs from D. apollyoni (the third type), D. awajiense, and D. 
leiocephalum (the fourth type). 
DISCUSSION 
Octopus hubbsorum is a species with a robust, moderate-size 
body. It is commonly found in rocky areas from the intertidal to 
depths of 30 m in the shallow subtidal zone (Hochberg, 1980; 
Roper et ai., 1995). The species ranges from Bahia de Los Angeles 
in the Gulf of California to Salina Cruz, Oaxaca in Mexico. In the 
Mexican Pacific, O. hubbsorum is the main species that sustains 
the fishery (Lopez-Uriarte et ai., 2005; Alejo-Plata, 2009). 
Four species of Dicyema have been reported in the region where 
the Baja Peninsula meets the coast of southern California, 
namely, Dicyema acciaccatum McConnaughey, 1949, Dicyema 
acheroni McConnaughey, 1949, Dicyema sullivani McCon-
naughey, 1941, and Dicyema apollyoni Nouvel, 1947 (McCon-
naughey, 1941, 1949a, 1949b). Dicyema sullivani was described in 
0. bimaculatus Verrill, 1883, and D. acciaccatum and D. acheroni 
were reported in 0. bimaculoides Pickford and McConnaughey, 
1949. The latter parasite occurs sympatrically along its range with 
0. bimaculatus, and the 2 sister species most likely occupy similar 
niches (Pickford and McConnaughey, 1949). Octopus bimaculatus 
mixes with populations of O. hubbsorum in the Gulf of California 
(Hochberg, 1980) and probably O. hubbsorum has also similar 
niches to these 2 species. Nevertheless, 0. hubbsorum harbors only 
D. guaycurense, which has never been found in the other host 
octopuses. This indicates a host specificity, as Furuya (1999, 
2006a) reported in the Japanese dicyemid species. 
Species in Dicyema sp. commonly are found in small- to 
medium-sized, shallow water cephalopods (Furuya, 1999). In the 
present study, the prevalence of dicyemids was 24.5% (13/53), 
which is relatively low. The host octopus in which dicyemids were 
not found had a mantle length that measured less than 11 mrn. 
Furuya et ai. (1992b) reported a direct relationship between host 
size and dicyemid occurrences, i.e., smaller or younger cephalo-
pods of a host species generally do not harbor dicyemids. 
However, there are several exceptions, namely Amphioctopus 
fangsiao (d'Orbigny, 1840), Amphioctopus kagoshimensis (Ort-
mann, 1888), A. areolatus, Enteroctopus dofleini (Wiilker, 1910), 
Octopus sasakii Taki, 1942, Sepiella japonica Sasaki, 1929, and 
Sepioteuthis lessoniana Lesson, 1830 (Furuya, 2005, 2006a, 2006b, 
2007, 2008a, 2008b, 2008c; Furuya and Tsuneki, 2005). The 
absence of dicyemids in them cannot be attributed to host size, 
but probably to geographical location. In O. hubbsorum, the 
absence of dicyemids may be attributed to host size, because the 
specimens were sampled in a narrow area. Consequently there is 
probably a specific size at which the species is infected with 
dicyemids. 
Dicyemids are known to be present in several other species of 
octopuses in the Gulf of California (F. Hochberg, unpubi. obs.). 
In addition, several potential cephalopod hosts still remain to be 
examined in the Gulf. Thus, a number of undescribed species of 
dicyemids are expected to occur in this region. 
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COMPARISON OF METAZOAN PARASITES OF ATLANTIC COD, GADUS MORHUA, FROM 
THREE GEOGRAPHICAL AREAS OF COASTAL NEWFOUNDLAND 
R. A. Khan, C. V. Chandra, and P. Earle 
Department of Biology, Memorial University of Newfoundland, 81. John's, Newfoundland, Canada, A 1 B 3X9. e-mail: rakhan@mun.ca 
ABSTRACT: This study compared metazoan parasites in the digestive tract of Atlantic cod, Gadus morhua, captured from 3 
geographical areas off the northeastern (NE), southeastern (SE), and southwestern (SW) coasts of Newfoundland. Samples were 
obtained by line trawl and frozen after capture, and the digestive tract was subsequently examined for metazoan parasites following 
conventional parasitological methods. Mean abundance of nematodes, but not the trematodes, and an acanthocephalan was 
significantly greater in cod taken from the NE than from the SE or SW areas, which were generally similar. Four species of trematodes, 
3 nematodes, and an acanthocephalan, Echinorhynchus gadi, were the dominant parasites observed. Differences in mean abundance 
among samples from different areas might be related to the types of prey consumed rather than to environmental factors. The 
dominant parasites were probably acquired by cod on the NE coast after feeding on capelin, Mallotus villosus, which serve as paratenic 
hosts for several helminth species. Previous studies on tagging, feeding, and prevalence of 3 parasites have revealed differences in the 
populations of cod from the NE than from the SW or SE areas. Results from the present study, indicating geographical differences in 
parasite mean abundance and prevalence from the digestive tract of Atlantic cod between SW and NE areas, support the view of 
distinct coastal cod stocks off Newfoundland. 
Environmental change and overexploitation of Atlantic cod 
(Gadus morhua) in the northwestern Atlantic Ocean culminated in 
a decline of offshore stocks on the continental shelf from the mid-
1980s onwards (Carscadden et aI., 2002 and references therein), 
However, small populations continued to survive and reproduce 
in the northeastern (NE), southeastern (SE), and southwestern 
(SW) coastal areas of Newfoundland (Rideout and Rose, 2006). 
The NE coast of the island is under the influence of the cold 
Labrador Current, which tends to be ice-bound during winter, 
whereas warmer conditions prevail on the SE and SW areas and 
are rarely affected by ice (Drinkwater, 2004). Cod stocks in these 
3 areas exhibit differences in feeding, growth, and reproduction. 
Cod inhabiting SE and SW areas generally feed all year and tend 
to grow at a more-rapid rate than do fish on the NE coast 
(Rideout and Rose, 2006). Cold water and icy conditions in the 
NE area are a deterrent to feeding in winter and, consequently, 
growth is slower than in the other groups, 
Atlantic cod are infected with several species of parasites, and 
some have previously been used to distinguish stocks in the 
northeastern and northwestern Atlantic (Templeman et aI., 1957; 
Khan et aI., 1980; Appy and Burt, 1982; Mackenzie, 1983,2002; 
Hemmingsen et aI., 1992, 1995; Lee and Khan, 2000; Hemming-
sen and MacKenzie, 2001; Perdiguero-Alonso et aI., 2008). 
Templeman et al. (1976) reported that the prevalence of 2 larval 
nematodes in the fillets and infection of the gills by a parasitic 
copepod, Lernaeocera branchialis, was greater in cod sampled in 
the SW. Tagging and feeding studies on cod from these areas 
support this view (Templeman, 1974). Subsequent studies 
revealed that the prevalence of the infections with larval 
nematodes had changed several years after, but not that of L. 
branchialis (Khan and Lacey, 1986; Chandra and Khan, 1988). 
However, a blood flagellate was more prevalent in cod in the NE 
area, intermediate in the SE, and least in the SW location of the 
island (Khan et aI., 1980). Additional studies on parasites of cod 
dealt only with offshore stocks (Khan and Tuck, 1995; Khan, 
2007, 2008). In view of these reports, the aim of the present study 
was to compare the metazoan parasites in the digestive tract of 
cod from the NE with samples from the SE and SW areas because 
Received 8 April 2010; revised 4 November 2010; accepted 5 November 
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the environments and feeding patterns differed among these 
groups. 
MATERIALS AND METHODS 
Atlantic cod were captured at about 30-m depth by line trawl during 
September and October in 2003 and 2004 on the NE coast at La Scie 
(49°58'N, 60°01 'W), but only in 2004 during the same period in St. 
Mary's Bay on the SE coast at Admiral's Beach (4r29'N, 55°50'W) and 
at Harbour Breton (47°20'N, 58°83'W) on the SW coast, respectively 
(Fig. 1). Only commercial size (>45 cm in total length, >4-yr-old) cod 
were sampled. Total body length (cm) and ages (yr), respectively, were as 
follows: La Scie, 58.0 ± 1.4,7.0 ± 0.2; Admiral's Beach, 62.1 ± 1.9,7.5 ± 
0.3; and Harbour Breton 54.2 ± 1.6,6.9 ± 0.3. The fish were frozen after 
capture and necropsied within 3 mo. The stomach contents were 
recorded and parasites from the digestive tract were removed by 
conventional methods, fixed, stained, identified, and enumerated as 
reported previously (Khan, 2007). Trematodes were stained with 
acetocarmine and mounted in Canada balsam, while nematodes and 
acanthocephalans were cleared in Rubin's fluid and mounted on slides, 
also in Canada balsam, for identification. Rubin's fluid is a water-soluble 
solution composed of polyvinyl alcohol, lactic acid, and phenol in the 
ratio of 3: 1: 1. 
Because the parasite data were not normally distributed, a non-
parametric test, an R-vegan package function 'adonis,' was used to 
compare the geographic areas. The R-vegan package provides a functional 
'ANOYA' that performs a pseudo-ANOYA permutation analysis 
(Development Core Team, 2008; Oksanen et aI., 2008). The output of 
the 'adonis' function is given as: formula = cp_com-Group, data = cp, 
permutations = 999 (cp, cod parasites). Prevalence, mean abundance, and 
standard deviations were calculated for the comparison groups and 
differences considered significant when P :5 0.05. Parasite terminology 
was used in accordance with that proposed by Bush et al. (1997). 
RESULTS 
Stomach contents of Atlantic cod sampled at the 3 inshore 
localities in coastal Newfoundland were related to the site of 
capture. Cod examined at Harbour Breton (SW) fed on a mixture 
of unidentified crustaceans, gastropods, and ophiuroids and the 
stomachs were partially filled. In contrast, fish sampled at La Scie 
(NE) were glutted with capelin, Mallotus villosus, and all 
stomachs were fully extended. A variable mixture of crustaceans 
and partially digested capelin were observed in the stomach of cod 
taken at Admiral's Beach (SE). 
Comparison of the mean abundance of the three major taxa of 
parasites of Atlantic cod originating from these geographical 
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FIGURE 1. Location of sites where Atlantic cod samples originated: 
Harbour Breton (1), La Scie (2) and Admiral's Beach (3) in Newfoundland. 
areas revealed differences and some similarities. A greater mean 
abundance of nematodes and an acanthocephalan was found in 
Atlantic cod that were sampled from the NE than from the SE or 
SW coasts (Table I). As no significant differences were observed 
between 2003 and 2004 samples from La Scie, the samples were 
pooled. The statistical analysis indicated that the total number of 
an acanthocephalan, Echinorhynchus gadi, and of nematodes was 
significantly different between the samples taken from the NE 
than from the SW and SE, but not of the trematodes, which were 
similar in all 3 areas (Table 1). 
Seven species of digeneans were observed in relative abundance, 
in at least 2 locations, including Derogenes varicus, Hemiurus 
levinseni, Lepidapedon elongatum, and Podocotyle reflexa, and 3 
that were low in abundance including Lecithaster gibbosus, 
Steringophorus furciger, and Prosorhynchus sp. Five species of 
nematodes, mostly larval forms consisting of Hysterothylacium 
aduncum, Contracaecum oscula tum, and Anisakis simplex sensu 
lato, as well as the less frequently-occurring Pseudoterranova 
decipiens and the least-often adult Ascarophis sp., were observed. 
Differences were also observed in the mean abundance of some 
species of trematodes and larval nematodes in cod from the 3 
locations. Hemiurus levinseni was the most abundant digenean in 
fish taken at La Scie (SE) and Admiral's Beach (SE), whereas 
none was observed in samples from Harbour Breton (SW) 
(Table II). Three other species, viz., D. varicus, L. elongatum, 
and P. reflexa, although present at all 3 sites, were not different 
from each other in abundance. Two larval anisakids, H. aduncum 
and C. osculatum, were dominant at the NE location, although 
both were also present at the SE and SW sites (Table II). Two 
additional larval species, A. simplex and P. decipiens, were more 
prevalent at the SW location than at the SE but not at the NE site 
(Table II). Prevalence «1.0%) of adult Ascarophis sp. was low 
and it occurred only at the SW location. 
TABLE I. Abundance (.i ± SD) and prevalence (%) of major taxa of 
metazoan parasites, Acanthocephala (A), Nematoda (N) and Trematoda 
(T), in the digestive tract of Atlantic cod sampled in three coastal areas; La 
Scie (2003 and 2004 pooled) on the northeastern coast, Admiral's Beach 
(2004) on the southeastern coast, and Harbour Breton (2004) in the 
southwestern coasts of Newfoundland. 
Parasite taxa 
Location n A N T 
La Scie 124 26.1 ± 43.2* (90) 20.4 ± 20.8* (97) 2.6 ± 0.2 (35) 
Admiral's 
Beach 57 7.1 ± 12.5 (72) 11.1 ± 9.S (98) 1.5 ± 2.2 (47) 
Harbour 
Breton III 12.6 ± 30.6 (91) 4.1 ± 5.4 (82) 1.3 ± 3.5 (40) 
* Significantly different from other groups. 
DISCUSSION 
Some species of parasites were more dominant regionally and, 
therefore, useful in differentiating between populations of 
Atlantic cod from coastal Newfoundland. Although the life span 
of some of the parasites in their definitive hosts tend to be limited, 
comparison of cod of comparable ages sampled at the same time 
of the year revealed differences between the NE and SW sites. 
Atlantic cod inhabit cool to subarctic waters with temperatures 
varying from -0.5 to 10 C from inshore to the edge of the 
continental shelf in the northwestern Atlantic Ocean off 
Newfoundland (Scott and Scott, 1988). At least 7 stocks have 
been identified offshore, some migrating inshore in summer to 
feed on capel in and moving offshore in autumn (Templeman, 
1974). Additionally, evidence from the winter fishery and tagging 
data over many years have revealed distinct, non-migratory 
resident populations inshore on both the northeastern and 
southwestern coasts (Templeman, 1974). Genetic studies have 
confirmed that they are different from the offshore populations 
on the northeastern coast of Newfoundland (Ruzzante et aI., 
2000). The Atlantic cod, especially older fish (>4 yr and 45 cm in 
length), are voracious predators that feed on a variety of fish 
including young cod, capel in, herring (Clupea harengus), red fish 
(Sebastes marinus), and others from spring to autumn and then 
switch to shrimp (Pandalus borealis) and spider crab (Chionoe-
cetes opilio) during winter when forage fish become scarce off the 
northeastern coast (Lilly et aI., 1984; Rose, 2005). In coastal 
localities such as the NE and SW areas, the rate of feeding, 
growth, and reproduction tend to differ (Templeman, 1974, and 
references therein). Cod fry feed primarily on crustaceans, 
including copepods and amphipods, but as juveniles and 
immature fish, subsequently switch to larger species such as 
euphausiids, mysids, and shrimp (Scott and Scott, 1988). Several 
metazoan parasites are acquired during these growth phases, but 
some have limited life spans in their hosts. However, subadult and 
mature cod become reinfected after feeding on previously infected 
paratenic prey fish, especially capelin (Polyansky, 1955; Palsson, 
1986; Marcogliese, 1994; Hemmingsen and MacKenzie, 2001). 
Differences were observed in the number of commonly-
occurring species of the major taxa infecting Atlantic cod from 
different sites in Newfoundland. Trematodes were dominant (7 
species were found in contrast to 5 species of nematodes and I 
acanthocephalan), and abundance of the latter parasite was 
significantly greater than the others. However, both nematodes 
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TABLE II. Comparison of the mean abundance (x ± SD) and prevalence 
(%) of the dominant species of digenetic trematodes and larval anisakid 
nematodes present in the digestive tract of Atlantic cod sampled in the 
northeastern (La Scie), southeastern (Admiral's Beach), and southwestern 
(Harbour Breton) coasts of Newfoundland. 
Location 
x ± SD 
Admiral's Harbour 
Parasite spp. taxa La Scie Beach Breton 
Trematoda 
Derogenes varicus 1.2 ± 2.6 (50) 0.8 ± l.3 (50) 0.8 ± 1.2 (40) 
Hemiurus levinseni 2.5 ± 41 (50) 2.5 ± 4.2 (53) 0 
Lepidapedon 
elongatum 1.2 ± 2.1 (40) 0.8 ± 1.4 (17) 0.4 ± l.3 (37) 
Podocotyle reflexa 1.5 ± 1.7 (30) 0.2 ± 0.6 (17) 0.1 ± 0.6 (14) 
Nematoda 
Hysterothylacium 
aduncum 23.2 ± 41.6* (89) 5.0 ± 7.6 (75) 7.1 ± 13.4 (63) 
Contracaecum 
osculatum 2.5 ± 4.7* (11) 1.2 ± 4.3 (18) 1.1 ± 3.7 (10) 
Anisakis simplex 0 0.4 ± 0.9 (5) 2.6 ± 4.3* (25) 
Pseudoterranova 
decipiens 0 0.1 ± 0.5 (2) 1.2 ± 3.4* (12) 
• Significantly different «0.01) from other groups. 
and the acanthocephalan tend to accumulate with age of their fish 
hosts, either directly after feeding on the intermediate hosts or, 
more often, via infected paratenic forage fish (Polyansky, 1955; 
Valtonen et aI., 1983; Buchmann, 1995; Hemmingsen and 
MacKenzie, 2001). Moreover, in cod inhabiting the southwestern 
coast of Newfoundland, the abundance of larval nematodes in the 
flesh increased with the length and, presumably, the age of the fish 
(Templeman et aI., 1957). This was attributed to the close 
proximity of the cod to a colony of seals (Phoca vitulina), 
definitive hosts of P. decipiens and A. simplex, where a high 
abundance of the nematodes in seals and fish occurred (Temple-
man et aI., 1957; McClelland and Marcogliese, 1994). The high 
abundance of H. aduncum in the present study was probably 
associated with its broad range of definitive teleost hosts and also 
of numerous intermediate and paratenic prey hosts (Koie, 1993; 
Jackson et aI., 1997). 
The present study has also revealed that all of the commonly-
occurring parasites observed from the 3 locations in coastal 
Newfoundland have been reported previously from other 
geographic areas where Atlantic cod occur (Appy and Burt, 
1982; Hemmingsen and MacKenzie, 2001). These areas include 
the eastern Canadian shelf off Nova Scotia, Icelandic and 
Greenland waters, and in the North, Celtic, Baltic, and Barents 
Seas (Polyansky, 1955; Buchmann, 1995; Karasev et aI., 1996; 
Hemmingsen and MacKenzie 2001; Perdiguero-Alonso et aI., 
2008). Some of the parasites have also been observed in 
pleuronectids, clupeids, anarhichadids, and a number of other 
fish families in the northwestern and eastern Atlantic Ocean 
(platt, 1975; Smith and Wooten, 1978; Margolis and Arthur, 
1979; Koie, 1984; Hemmingsen and MacKenzie, 2001; Mattucci 
and Nascetti, 2006). 
A paucity of parasites in cod from the SW coast might be 
attributed to their non-migratory behavior and continual foraging 
on benthic, rather than pelagic, prey. This belief is based on the 
observation that H. levinseni, apparently absent in samples of cod 
from that area, was acquired from pelagic crustaceans while a 
relatively high abundance of P. decipiens and A. simplex sensu 
lato occurred after feeding on benthic crustaceans (Valtonen et 
aI., 1983; Marcogliese, 1994; McClelland and Marcogliese, 1994; 
Jackson et aI., 1997). Mean abundance of the major parasitic taxa 
of cod taken in the SE area at Admiral's Beach was not 
significantly different from those sampled at the NE and SW 
coasts. It is likely that the foraging movement of cod from both 
areas might have culminated in mixing of the stocks. Some of the 
data from tagging experiments support this view (Templeman, 
1974). Parasites have previously been used to distinguish stocks of 
cod in these areas (Templeman et aI., 1957, 1976; Khan et aI., 
1980). More recently, Khan and Tuck (1995) reported that the 
abundance of helminths in the digestive tract of cod examined in 
the early 1980s was significantly higher off Labrador than at other 
locations, but this finding was reversed in the 2000s when climatic 
change in the former area affected the entire food chain 
(Carscadden et aI., 2002; Khan and Chandra, 2006; Khan, 
2007). The mean abundance declined because the capelin, the 
main prey and source of several species of parasites, had migrated 
out of the area and the cod were virtually deprived of food (Rose, 
2005; Khan and Chandra, 2006). Differences in the prevalence, or 
abundance, or both, of larval nematodes in muscle, the 
hematophagous copepod L. branchialis, and the hemoflagellate 
T. murmanensis from previous studies also provide evidence of 
inshore stocks being distinct from offshore migratory populations 
(Templeman et aI., 1957, 1976; Khan et aI., 1980). In other 
geographical regions, parasites have been useful in separating fish 
populations (MacKenzie, 2002; Timi et aI., 2005). Future studies 
should focus on genetic differences of parasites for further 
evidence in discriminating fish stocks in the northwest Atlantic 
(Brattey and Davidson, 1996; Mattucci and Nascetti, 2006). 
In conclusion, the present study has revealed a greater mean 
abundance of the total number of commonly-occurring metazoan 
parasites, especially of 2 nematodes and an acanthocephalan, E. 
gadi, in the digestive tract of Atlantic cod sampled on the NE 
than from those sampled on the SE or SW coasts of 
Newfoundland. Although some of the parasites have short life 
spans, these differences may be related to prey selection and 
different oceanographic conditions in the NE as compared with 
the SE and SW regions. Although trematodes constituted the 
greatest number of species, they were the least abundant of the 
taxa. Many of the parasites were of arcto-boreal origin and at 
least 1, A. simplex sensu lato, has a world-wide distribution. 
Most of the nematodes were larval forms of P. decipiens and A. 
simplex that were dominant in the SW area. High abundance of 
the larval nematodes and of E. gadi can be attributed to 
predation of paratenic hosts. Consequently, some of the parasites 
that were dominant, although seasonal, were useful to discrim-
inate between cod populations inhabiting geographically distinct 
areas. 
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INSIGHTS USING A MOLECULAR APPROACH INTO THE LIFE CYCLE OF A TAPEWORM 
INFECTING GREAT WHITE SHARKS 
Haseeb S. Randhawa 
Department of Zoology, University of Otago, P.O. Box 56, Dunedin, New Zealand, 9054. e-mail: haseeb.randhawa@otago.ac.nz 
ABSTRACT: The great white shark Carcharodon carcharias Linnaeus, 1758 is a versatile and fierce predator (and responsible for many 
shark attacks on humans). This apex predator feeds on a wide range of organisms including teleosts, other elasmobranchs, 
cephalopods, pinnipeds, and cetaceans. Although much is known about its diet, no trophic links have been empirically identified as 
being involved in the transmission of its tapeworm parasites. Recently, the use of molecular tools combined with phylogenetics has 
proven useful to identify larval and immature stages of marine tapeworms; utilization of the technique has been increasing rapidly. 
However, the usefulness of this approach remains limited by the availability of molecular data. Here, I employed gene sequence data 
from the D2 region of the large subunit of ribosomal DNA to link adults of the tapeworm Clistobothrium carcharodoni Dailey and 
Vogelbein, 1990 (Cestoda: Tetraphyllidea) to larvae for which sequence data for this gene are available. The sequences from the adult 
tapeworms were genetically identical (0% sequence divergence) to those available on GenBank for "SP" 'small' Scolex pleuronectis 
recovered from the striped dolphin (Stenella coeruleoalba) and Risso's dolphin (Grampus griseus). This study is the first to provide 
empirical evidence linking the trophic interaction between great white sharks and cetaceans as a definitive route for the successful 
transmission of a tetraphyllidean tapeworm. Using the intensity of infection data from this shark and from cetaceans as proxies for the 
extent of predation, I estimate that this individual shark would have consumed between 9 to 83 G. griseus, fresh, dead, or both, in its 
lifetime. 
The great white shark (Carcharodon carcharias Linnaeus, 1758) 
is a large, versatile, endothermic predator that feeds on a wide 
array of marine organisms ranging from squid to cetaceans 
(Bruce, 2008, and references therein). Relative to other elasmo-
branch fishes (sharks, skates, and rays), the biology of the great 
white shark has been well studied (Klimley and Ainley, 1996). 
However, the same cannot be said about its parasites. Across its 
global distribution, the great white shark is known to host 14 
different tapeworm species (see Randhawa and Poulin, 2010). 
Although much is known about the diet and feeding habits of this 
shark, information regarding the trophic interactions involving 
this apex predator, and how they might lead to the successful 
transmission of its tapeworm parasites, is lacking. In fact, only a 
handful of life cycles, believed to involve at least 3 hosts (Williams 
and Jones, 1994), have been resolved for tapeworms infecting 
elasmobranch hosts (Caira and Reyda, 2005). Indeed, our 
inability to designate most larvae or immature tapeworms 
infecting elasmobranch fishes to the species or even genus level 
impedes our efforts to elucidate the life cycles of these cestodes. 
The difficulty of identifying these larval or immature stages is 
largely due to the absence of the reproductive features necessary 
to assign these species to the appropriate taxa (Euzet, 1994; Aznar 
et aI., 2007), with the notable exception of the Trypanorhyncha, 
for which larvae may be identified on the basis of their tentacular 
armature (see Jensen and Bullard, 2010). 
The advent of molecular tools has allowed us to circumvent the 
lack of distinctive morphological features in larval or immature 
specimens (Poulin and Keeney, 2008). These methods have 
proven to be cost effective and efficient in differentiating between 
closely related species (Mariaux and Olson, 2001). Consequently, 
the number of studies to identify larval or immature tapeworms 
infecting elasmobranchs, using a phylogenetic approach based on 
the large subunit of ribosomal DNA (LSU), has been increasing 
rapidly (Brickle et aI., 2001; Agusti, Aznar, Olson et aI., 2005, 
Aznar et aI., 2007; Randhawa et aI., 2007, 2008; Holland et aI., 
2009; Holland and Wilson, 2009; Jensen and Bullard, 2010). 
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However, in the absence of suitable molecular phylogenies, and 
with the limited availability of molecular data and vouchers of the 
adult fauna for comparison, this approach is of little use for 
species- or genus-level identifications of cestode larvae. As such, 
there are over 1,000 species of described tapeworms infecting 
elasmobranchs (number of species obtained by combining Healy 
et aI., 2009; Randhawa and Poulin, 2010), but we only have access 
to sequence data for fewer than 175 of these species. Conse-
quently, in the absence of comprehensive sampling of both 
intermediate and definitive hosts in a given region or locality, the 
probability of obtaining a sequence match between larvae~ 
immature specimens and adults is relatively low. Additionally, it 
is estimated that there are approximately 3,600 undescribed 
species of tapeworms from known elasmobranch fishes (Rand-
hawa and Poulin, 2010). Thus, attempts to identify tapeworm 
larvae using a phylogenetic approach are clearly dependent on 
future efforts to generate molecular data from positively identified 
adult material. However, knowledge of predator~prey interac-
tions within a geographic locality can provide insights into what 
definitive hosts these larvae may use to complete their lifecycle 
(Jensen and Bullard, 2010). However, this approach has its 
limitations. For instance, gut content analyses provide only a 
snapshot of what the organism has ingested recently and, often, 
identifiable contents are limited to prey items with some 
indigestible, or distinguishable, components, e.g., squid beak, 
fish otolith, and cephalopod ink. 
Despite recent increases in sequence data for tapeworms 
infecting elasmobranchs (Healy et aI., 2009; Jensen and Bullard, 
2010; Olson et aI., 2010), a number of studies have obtained gene 
sequence data that still do not match those available from adult 
tapeworms in marine hosts (Brickle et aI., 2001; Aznar et aI., 2007; 
Jensen and Bullard, 2010). For example, gene sequence data were 
obtained from 4 different larval tapeworm morphotypes infecting 
Mediterranean cetaceans, none of which matched any character-
ized adult cestode (Aznar et aI., 2007). The definitive host of these 
larvae was tentatively identified as the great white shark, a well-
documented predator~scavenger of cetaceans (see Bruce, 2008), 
and the sequence data closely matched that of Clistobothrium 
montaukensis Ruhnke, 1993 (Aznar et aI., 2007), a species 
described from the shortfin mako (Ruhnke, 1993). Moreover, 
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species of Clistobothrium have only been reported from lamnid 
sharks, e.g., great whites, makos, porbeagles, and salmon sharks 
(Linton, 1922; Riser, 1955; Dailey and Vogelbein, 1990; Ruhnke, 
1993). 
Collection of a great white shark infected with the tetraphyllid-
ean tapeworm C. carcharodoni Dailey and Vogelbein, 1990 
allowed an opportunity to gain insights into the life cycle of this 
parasite using a phylogenetic approach. As mentioned above, 
most studies using this methodology attempt to match sequence 
data obtained from larval specimens to those of adults. Because 
there are no gene sequence data available for adult C. 
carcharodoni, rather than using larval tapeworms to achieve this 
goal, the adult worm was used to determine whether it matches 
any of the sequence data from unidentified larvae available on 
GenBank. 
MATERIAL AND METHODS 
On 29 December 2008, an immature, female great white shark (328 cm 
TL; 291.4 kg) was found entangled in a gill net at a depth of 10-15 m in 
Kaipara Harbour, North Island, New Zealand (36°15.0'S, 174°15.5'E). 
The shark was publicly necropsied at the Auckland Museum by Drs. 
Clinton Duffy (New Zealand Department of Conservation) and Tom 
Trnski (Marine Curator, Auckland Museum) (Auckland Museum 
number: AIM MA28600). The spiral valve was removed, cut into 2 
sections, frozen, and shipped to the Department of Zoology, University of 
Otago, Dunedin, New Zealand. The spiral valve was thawed and each 
section was cut into 8 pieces. Each piece was placed in a I-L container 
filled with saline (2 parts sea water:9 parts tap water) to which was added I 
tsp of sodium bicarbonate. The containers were vigorously shaken and 
allowed to sit for at least 4 hr. The piece of spiral valve, solution, and 
sediment were examined using a binocular dissecting microscope. Parasites 
were cleaned in saline prior to being processed. Parasites were fixed in 95% 
ethanol for molecular analyses or in 4% buffered formalin solution for 
scanning electron microscopy (SEM). SEM material was post-fixed in 2% 
osmium tetraoxide for 2 hr prior to being dehydrated through an ethanol 
gradient series, critical point dried in a Bal-Tec CPD-030 critical point 
dryer (Bal-Tee AG, Balzers, Liechtenstein) in carbon dioxide, mounted on 
stubs using double-sided adhesive carbon tape, and sputter coated with 
Au/Pd to a thickness of 15 nm using an Emitech K575X Peltier-cooled 
high resolution sputter coater (EM Technologies Ltd., Ashford, Kent, 
England) fitted with an Emitech 250X carbon coater. SEM-prepared 
specimens were examined using a Cambridge 360 scanning electron 
microscope (Cambridge Instruments, Cambridge, U.K.) fitted with a 
Dindima Image Slave frame grabber (Dindima Group Pty. Ltd., Ring-
wood, Victoria, Australia) at the Otago Centre for Electron Microscopy 
(OCEM). All other parasites were fixed and preserved in 70% ethanol as 
additional vouchers. 
Molecular characterization and analysis 
Gene sequence data were obtained for 2 individual tapeworms. DNA 
was extracted from the base of the scolex. The rest of the scolex was 
preserved in 95% ethanol to serve as a hologenophore (sensu Pleijel et aI., 
2008) and deposited with the Auckland Museum under accession 
numbers AK20440 and AK20441. Vouchers were deposited with the 
Auckland Museum (AK20439), Natural History Museum, London, U.K. 
(2010.9.6.1-2010.9.6.500), and the New Brunswick (NB) Museum, Saint 
John, NB, Canada (NBM-007155). Genomic DNA was extracted using 
standard techniques (Devlin et aI., 2004). The region encompassing the D2 
domain of the LSU was amplified with primers Tl6 (5'-GAGACCGA-
TAGCGAAACAAGTAC-3') and T30 (5'-TGTTAGACTCCTTGG-
TCCGTG-3') (Harper and Saunders, 2001) using BioLine DNA 
polymerase (Total Lab Systems Ltd., Auckland, New Zealand) with a 
750 bp target length. The amplification protocol consisted of an initial 5-
min denaturation phase (94 C), 38 cycles of denaturation (30 sec at 94 C), 
primer annealing (30 sec at 50 C) and extension (2 min at 72 C), and a 7-
min final extension (72 C). The amplicons were gel purified using the 
Omega Ultra-Sep gel extraction kit (Ngaio Diagnostics, Nelson, New 
FIGURE 1. A scanning electron micrograph of the scolex of Clistobo-
thrium carcharodoni ex Carcharodon carcharias (great white shark) bearing 
4-stalked bothridia with lappets engulfing intestinal mucosa. L, lappet; 
1M, intestinal mucosa; S, stalk. 
Zealand), cycle-sequenced using the ABI PRISM@ Big Dye™ Tenninator 
Cycle Sequencing Ready Reaction Kit v.3 .1 and bidirectionally sequenced 
using the PCR primers on a 96-capillary 3730XL DNA Analyzer (Applied 
Biosystems, Foster City, California). Sequence data were edited using 
Sequencher 4.9™ (GeneCodes Corporation, Ann Arbor, Michigan) and 
screened using BLASTn (McGinnis and Madden, 2004) to confirm 
orthology with the LSU of tetraphyllidean tapeworms. Sequences are 
available from GenBank under accession numbers HM856632 and 
HM856633. 
The parasite alignment consisted of the 2 new LSU sequences 
encompassing the D2 domain (approximately 600 bp) combined with 19 
previously published sequences of tetraphyllidean tapewonns, including 6 
larval gene sequences that have yet to match those from adult tapeworms 
(Brickle et aI., 2001 ; Aznar et aI., 2007). The outgroup consisted of2 species 
of Acanthobothrium as under Bayesian inference (BI); this genus formed the 
outgroup to the other tetraphyllidean taxa included in this alignment (Aznar 
et aI., 2007). Sequences were subsequently aligned using MacClade 4.07 
(Maddison and Maddison, 2005). Ambiguous regions, or those containing 
gaps across most sequences, were excluded from the dataset. Modeltest 3.7 
(Posada and Crandall, 1998; Posada and Buckley, 2004) determined the best 
nucleotide-substitution model for the data. The generalized time-reversible 
(GTR) model with a proportion of invariable site (1) was detennined to 
provide the best fit to the data based on the Akaike Information Criterion 
(AIC). BI was performed using MrBayes v3.1.2 (Huelsenbeck and 
Ronquist, 2001) using the covarion option according to a GTR+I nucleotide 
substitution model with no initial values assigned and with empirical 
nucleotide frequencies. Four separate Markov chains were used to estimate 
posterior probabilities over 2 X 106 generations, sampling the Markov 
chains at intervals of 100 generations. The first 5,000 trees were discarded as 
"burn-in;" then, a 50% majority-rule tree was constructed from the 
subsequent trees. Nodal support was estimated as the mean posterior 
probabilities (Huelsenbeck et aI. , 2001) using the sumt command. 
RESULTS 
A total of 2,536 tapeworms was recovered from the spiral valve 
of the great white shark. Of these, 2,533 were assignable to C. 
carcharodoni on the basis of scolex morphology (Dailey and 
Vogelbein, 1990), i.e., 4-stalked bothridia, ringed with folded 
lappet or hood, and a cruciform apical region (Fig. 1). Although 
no strobilae were recovered due to the advanced state of 
decomposition of the worms, the scolices were intact. The 3 
worms not assigned to C. carcharodoni also lacked a strobila and 
could not be readily identified. 
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FIGURE 2. Rooted phylogram based on Bayesian inference of the D2 region of the LSU depicting the phylogenetic affinities of Clistobothrium 
carcharodoni ex Carcharodon carcharias (great white shark). Included is a matrix of the number of actual nucleotide differences (of 605 bp) between 
sequences included in the "Clistobothrium clade." (*) indicates full nodal support. 
Both C. carcharodoni specimens shared identical LSU sequenc-
es at the D2 region. The dissimilarity between the region 
encompassing the D2 domain sequences within the "Clistobo-
thrium clade," expressed as percentage of nucleotide difference, 
was between 0.00% and 1.65% (a summary of genetic difference is 
presented in Fig. 2). The alignment included 622 sites of which 17 
were excluded. Interrelationships between tetraphyllidean taxa 
and tree topology, based on BI (Fig. 2), were similar to those 
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obtained by Aznar et aI. (2007). Both C. carcharodoni sequences 
were identical to those of small 'Scolex pleuronectis' ("SP") ex 
Stenella coeruleoalba (striped dolphin) and Grampus griseus 
(Risso's dolphin) (see Aznar et aI., 2007). 
DISCUSSION 
Using a molecular approach, C. carcharodoni and small 'Scolex 
pleuronectis' ("SP") (Aznar et aI., 2007) are found to share 
identical LSU sequences at the D2 region, indicating that these 
are conspecifics. This study is the first to identify the same species 
of tapeworm from a great white shark and cetaceans, thus 
providing empirical evidence for the trophic interaction between 
the great white shark and cetaceans as a definitive route for the 
transmission of the tapeworm c. carcharodoni. 
Molecular evidence presented herein supports the contention 
that odontocetes harbor larvae assignable to the tetraphyllidean 
genus Clistobothrium (Agusti, Aznar, Olson et aI., 2005; Aznar 
et aI., 2007). In particular, the sequence data of both C. 
carcharodoni specimens matched precisely (0% sequence diver-
gence) those of "SP" small 'Scolex pleuronectis' from cetaceans, 
confirming the conspecific nature of these organisms. Despite 
the absence of specific identifications of the larvae they host, the 
role of cetaceans in the transmission of tapeworms in marine 
systems has been well documented (see Aznar et aI., 2007). 
Cetaceans are an important food resource for adult lamnid 
sharks (Long and Jones, 1996; Heithaus, 2001). In particular, 
great white sharks are known predators (Arnold, 1972; Bruce, 
1992; Fergusson, 1996) and scavengers (Pratt et aI., 1982; Casey 
and Pratt, 1985; Long et aI., 1996) of cetaceans. As predators, 
they preferentially attack odontocetes (toothed whales) to 
mysticetes (baleen whales) (Arnold, 1972; Cliff et aI., 1989; 
Long and Jones, 1996), targeting specific regions of the body 
(Martin et aI., 2005) such as the caudal peduncle, urogenital 
region, and abdominal and dorsal regions (Long and Jones, 
1996; Celona et aI., 2006). Larval tetraphyllideans are common-
ly found in offshore odontocetes (see Aznar et aI., 2007) where 
they are generally present in high numbers in those specific 
regions of the cetacean body (Agusti, Aznar, and Raga, 2005; 
Aznar et aI., 2007). The tapeworm c. carcharodoni has only 
been reported from the great white shark (Dailey and Vogelbein, 
1990), thus establishing that the cetaceans S. coeruleoalba, G. 
griseus, and Tursiops truncatus are indeed potential intermediate 
hosts, or at the very least paratenic hosts, involved in the 
transmission of this tapeworm. Although there is no evidence to 
suggest that great white sharks include S. coeruleoalba in their 
diet, there is empirical evidence that great white sharks feed on 
G. griseus (Long and Jones, 1996; Heithaus, 2001) and T 
truncatus (Cliff et aI., 1989; Cockcroft et aI., 1989; Bruce, 1992; 
Heithaus, 2001; Celona et aI., 2006). 
The relatively small size of the shark reported in this study 
(3.28 m), the average length of G. griseus (3 m) and T truncatus 
(2.5 m) (Perrin et aI., 2002), and the high intensity of infection of 
C. carcharodoni (2,533) suggest that this individual shark must 
have acquired these parasites by scavenging on odontocete 
carcasses or by attacking juvenile dolphins. Although great white 
sharks can be important predators of cetaceans, there is evidence 
of a size-oriented ontogenic shift in prey from a diet consisting 
mostly of teleosts and elasmobranchs (in sharks <3 m TL) to 
marine mammals (>3 m TL) (Tricas and McCosker, 1984; 
Klimley, 1985; McCosker, 1985; Bruce 1992). More precisely, 
pinnipeds and cetaceans are preyed upon by great white sharks of 
>2.5 and >3.5 m TL, respectively (Bruce, 1992; Long and Jones, 
1996). Furthermore, confirmation from pre-mortem bites indi-
cates that this shark species attacks only cetacean prey that is 
smaller than the shark predator itself (Long and Jones, 1996). 
Juvenile and small great white sharks have been reported to feed 
on whale carcasses (Dicken, 2008). However, the dentition of 
smaller great white sharks «3.5 m TL) lacks the cutting ability of 
larger individuals due to the longer and narrower teeth more 
suitable to catching teleosts and other elasmobranchs. Juvenile 
and small great white sharks «3.5 m TL) have been observed to 
feed on the softer tissue around the mouth area of whale carcasses 
(Dicken, 2008), an area generally devoid oftetraphyllidean larvae, 
thus further suggesting that the great white shark examined in this 
study acquired its parasites from delphinids. 
Using intensity-of-infection data may be a viable proxy for 
estimating the extent of predation. For instance, based on the 
median intensities of infection reported for "SP" small 'Scolex 
pleuronectis' in G. griseus (Table 5 in Aznar et aI., 2007), and 
assuming that this cetacean was (1) the only prey to harbor these 
larvae, (2) that the entire animal was consumed, and (3) that all 
larval stages survived the passage from cetaceans to shark, this 
individual shark would have consumed between 9 to 83 G. 
griseus, fresh, or dead, or both, in its lifetime. Predation 
information on cetaceans, obtained from parasites infecting their 
predators, could become a significant tool in conservation 
biology. Indeed, as stated above, sharks are important predators 
of cetaceans. For instance, more than 20 T. truncatus are killed 
annually by sharks off the Natal coast of South Africa, a number 
corresponding to 2.2% of the population (Cockcroft et aI., 1989). 
As another example, Hector's dolphin (Cephalorhynchus hectori) 
is a species endemic to New Zealand, with one of the most 
restricted distributions of all cetaceans (Dawson and Slooten, 
1988; Dawson, 2002), and is a common host to larval 
tetraphyllideans (Slooten and Dawson, 1994). The specific 
identity of these larvae remains elusive, and it is unclear whether 
this cetacean species acts as a sink or a potential intermediate-
paratenic host for tetraphyllideans. The high fidelity and 
decreasing costs of molecular tools make these techniques 
attractive means for extrapolating the extent of predation from 
intensity data, thus incorporating new ecological information, 
acquired from parasites, into the conservation biology of both 
cetaceans and sharks. 
In summary, this study is the first to provide empirical evidence 
linking delphinids and great white sharks in the latter parts of the 
life cycle of a tetraphyllidean tapeworm. To achieve this, 
molecular tools were used to match gene sequence data between 
adult worms and larval stages. More specifically, sequencing of 
the D2 region of the LSU proved a cost-effective method to gain 
insights into the ecology of C. carcharodoni and has great 
potential for elucidating life cycles by using larval parasites to 
identify the trophic interactions leading to their successful 
transmission. Furthermore, even though the first larval stage of 
marine tapeworms (procercoids) are present in very low 
abundances (Marcogliese, 1995), the advent of high-throughput 
sequencing and the development of taxa-specific primers should 
allow for the processing of environmental samples using a 
metagenomic approach (Green Tringe and Rubin, 2005) to 
identify the first intermediate hosts in these life cycles. 
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ENDOGENOUS TRANSPLACENTAL TRANSMISSION OF NEOSPORA HUGHES/IN 
NATURALLY INFECTED HORSES 
N. Pusterla, P. A. Conrad-, A. E. Packham-, S. M. Mapes, C. J. Finnot, I. A. Gardner, B. C. Barr:j:, G. l. Ferraro§, and 
W. D. Wilson 
Department of Medicine and Epidemiology, School of Veterinary Medicine, University of California, One Shields Avenue, Davis, California 95616. 
e-mail: npusterla@ucdavis.edu 
ABSTRACT: Over a 2-yr study period, we investigated possible endogenous transplacental transmission of Neospora hughesi in 74 mare 
and foal pairs following the diagnosis of neuronal neosporosis in a weanling foal. Presuckle and postsuckle serum of each foal, serum 
and colostrum of each periparturient mare, and serum of each mare and foal pair, collected at 3-mo intervals thereafter, were tested for 
N. hughesi using an indirect fluorescent antibody test (IF AT). Furthermore, whole blood and colostrum samples and placentae were 
tested for the presence of N. hughesi by real-time PCR. The mares' seroprevalence at foaling based on IFAT (titer'" 160) was 52 and 
6% in 2006 and 2007, respectively. Colostral antibodies against N. hughesi were detected in 96 and II % of the mares in the 2-yr study. 
With the exception of 3 foals, all remaining foals were born seronegative to N. hughesi. Passive transfer of colostral antibodies to N. 
hughesi was documented in 15 foals. Three foals born from 2 different mares had presuckle antibodies at a titer ranging from 2,560 to 
20,480. All 3 foals were born healthy. Two foals were born to the same dam that also gave birth to the weanling diagnosed with 
neuronal neosporosis in 2005. The third foal was born to a second mare with no previous foaling history at the farm. Seroconversion 
was documented in 10 foals and 9 mares over the 2-yr study. All blood and colostrum samples tested PCR negative for N. hughesi. Only 
I placenta collected in 2007 from the mare with the 2 congenitally infected foals tested PCR positive for N. hughesi. In conclusion, N. 
hughesi persisted in this population via endogenous transplacental infection. 
The epidemiology of Neospora spp. in horses is poorly 
understood; reports of neosporosis are sparse and include 2 
aborted fetuses (Dubey and Porterfield, 1990; Pronost et aI., 1999) 
and a congenitally infected foal and 9 adult horses with visceral or 
neural neosporosis (Gray et aI., 1996; Lindsay et aI., 1996; Marsh 
et aI., 1996; Daft et aI., 1997; Ramir et aI., 1998; Cheadle et aI., 
1999; Finno et aI., 2007; Wobeser et aI., 2009). Subclinical 
infection is relatively common among horses in several parts of 
the world, with seroprevalence studies reporting 10-35% of 
healthy adult horses testing seropositive to Neospora spp. (Dubey, 
2003). Although the ecology of Neospora spp. associated with 
horses is still unresolved, many comparisons have been drawn 
with Neospora caninum, the causative agent of ascending 
neuromuscular disease in dogs and abortion in cattle worldwide. 
Definitive hosts of N. caninum include the domestic dog and the 
coyote (Gondim, 2006). These 2 carnivores shed oocysts of N. 
caninum in feces, and, after sporulation, these oocysts are 
infectious to intermediate hosts such as cattle. Potential sources 
of horizontal infection amongst cattle also include colostrum or 
milk from infected animals, infected placentae, and fetal fluids 
(Ro et aI., 1998; Davison et aI., 2001; Moskwa et aI., 2007). It 
appears, however, that transplacental transmission is of major 
importance in the spread of N. caninum in cattle and accounts for 
as much as 95% of seropositive animals in endemically affected 
herds (Barr et aI., 1993; Anderson et aI., 1995, 1997; Dubey et aI., 
2007). The risk of transplacental transmission of Neospora hughesi 
in a cohort of mares and foals on 4 California farms with a history 
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of EPM has been reported (Duarte et aI., 2004). The latter study 
found no serologic or histologic evidence of in utero infection 
with N. hughesi; however, the prevalence of this protozoal 
parasite was low in the study population. In an attempt to 
determine if transplacental transmission of N. hughesi occurs 
between latently infected broodmares and their fetuses, we studied 
this transmission route in a herd of horses with a previously 
diagnosed case of neuronal neosporosis and also high seroprev-
alence of antibodies against N. hughesi. 
MATERIALS AND METHODS 
Farm and study horses 
The study was triggered by a neurologically affected 4-mo-old 
Percheron filly referred to the William R. Pritchard Veterinary Medical 
Teaching Hospital, School of Veterinary Medicine, University of 
California at Davis, in August of 2005 (Finno et a!., 2007). The filly 
was diagnosed with neuronal neosporosis based on the presence of 
symmetrical spinal cord signs involving the thoracic and pelvic limbs and a 
positive serum (1,280) and CSF (20) titer by indirect fluorescence antibody 
test (IFAT) against N. hughesi. Serum from the filly's dam also tested 
positive for antibodies against N. hughesi (640) by IFAT. Preliminary data 
from the farm was collected in the fall of 2005. Sixty-three randomly 
selected resident horses out of the population of 180 were tested by IFAT; 
14% of horses were seropositive (titer'" 160) against N. hughesi. 
The study farm is located in northern California and houses 
approximately 180 Percheron horses on 48.6 ha. The study was performed 
over 2 foaling seasons (2006 and 2007), and all resident pregnant mares 
were enrolled in the study. The age of the broodmares ranged from 4 to 
13 yr (median = 4.5 yr). Only 2 resident mares were born and raised on the 
premises, and the remaining 56 mares had been purchased from Canada 
and the eastern and western United States I to 3 yr prior to the start of the 
study. During the 2006 foaling season, 27 mare and foal pairs were 
studied. During the 2007 foaling season, the number of mare and foal 
pairs increased to 47. Sixteen broodmares were enrolled in both years. 
Sample collection and testing 
Whole blood and colostrum samples were collected from each mare at 
the beginning of the study, which coincided with the foaling day. 
Additional blood samples were collected at 3-mo intervals thereafter, for a 
total period of 12-24 mo, depending on whether the mare was enrolled in 
1 or 2 foaling seasons. Whole blood and colostrum were used for the PCR 
detection of N. hughesi (Pusterla et a!., 2006), while serum and colostrum 
were used for the antibody detection of N. hughesi, as previously described 
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(Packham et aI., 2002). Each placenta was inspected for gross 
abnormalities, and 2.5 X 2.5 cm pieces were collected from areas of the 
placenta coinciding with the pregnant and the non-pregnant horn, the 
body, and the cervical star area for PCR analysis. Presence of Neospora 
spp. for PCR positive placentae was further confirmed via sequence 
analysis of the PCR product and immunohistochemical analysis, as 
previously reported (Marsh et aI., 1996). Whole blood samples were 
collected from newborn foals at the time of delivery (pre-colostrum 
sample), 24--48 hr post-foaling (post-colostrum), and approximately every 
3 mo thereafter for both N. hughesi PCR and antibody detection. 
Additional whole blood samples, collected at 48 hr post-foaling, were used 
to determine total plasma IgG concentrations using a commercial kit 
(SNAP Foal IgG Test, IDEXX Laboratories, Westbrook, Maine) in order 
to rule out failure of passive transfer. 
Serum from mares and foals and colostrum samples were tested for 
antibodies against N. hughesi using the indirect fluorescent antibody test 
(IFAT), as described previously (Packham et aI., 2002). Two-fold dilutions 
of serum and colostrum were prepared, starting at a dilution of 1 :40. The 
reciprocal end-point titer was the last dilution with evidence of distinct, 
whole-parasite fluorescence. A reciprocal titer of ;:0:: 160 for N. hughesi was 
used to designate a positive IFAT result (Packham et aI., 2002). 
RESULTS 
Seventy-four foals were born to 58 mares over the 2-yr study 
period. All foals were born healthy and remained healthy 
throughout the study. Pre suckle serum samples were collected 
from all 74 foals, 71 of which had no detectable antibodies to 
Neospora hughesi «40) in serum. Three foals, born to 2 different 
mares, had pre-colostral antibody titers ranging from 2,560 to 
20,480 (Table I), consistent with endogenous transplacental N. 
hughesi infection. Two of these foals were born to the same dam 
that gave birth to the weanling filly diagnosed with EPM in 2005. 
The third foal with suspected endogenous transplacental N. 
hughesi infection was born to a second mare with no previous 
foaling history at the farm. Adequate transfer of colostral 
antibodies (IgG concentrations ~ 800 mg/dl) was documented 
in all foals at 48 hr of age. After ingestion of colostrum, 15 foals 
had positive titers (~ 160) to N. hughesi, ranging from 160 to 
20,480, while the remaining foals remained seronegative to N. 
hughesi. Among the 12 foals with colostrally acquired antibodies 
to N. hughesi and no evidence of transplacental infection, the 
titers to N. hughesi ranged from 160 to 1,280 (median = 60). 
Antibodies to N. hughesi (titer ~ 160) were detected in 14/27 
(52%) and 3/47 (6%) mares at foaling in 2006 and 2007, 
respectively. The serum titers to N. hughesi ranged in these mares 
from 160 to 10,240 (median = 320). Serum titers of antibody 
against N. hughesi in the 2 mares that gave birth to the 
transplacentally infected foals were among the highest recorded 
(640 to 10,240). 
Colostral antibodies against N. hughesi (titer ~ 160) were 
detected in 26/27 (96%) and 5/47 (II %) of the mares in 2006 and 
2007, respectively, at titers ranging from 160 to 40,960 (median = 
320). Titers against N. hughesi in colostrum were either higher (24 
colostral samples) or equal (7 colostral samples) to the titers in 
peripheral blood of the same mares. Further, 14 mares with 
detectable antibodies to N. hughesi in colostrum had serum titers 
below the cutoff titer of 160. 
All 12 foals with documented passive transfer of anti-Neospora 
hughesi colostral antibodies became seronegative «40) on their 
first 3-mo re-sampling. This was in marked contrast to the 3 foals 
with suspected transplacental infection. These foals remained 
seropositive to N. hughesi during the entire 12-mo follow-up 
period with titers ranging from 160 to 5,120 (Table II). With the 
TABLE I. Serum and colostral antibody titers to Neospora hughesi in mare 
and foal pairs on a California farm. * 
Pair Mare 
number Foal serum Foal serum Mare serum colostrum 
(year) presuckle IF A T postsuckle IF AT IFAT IFAT 
1 (2006) <40 80 160 160 
2 <40 80 80 160 
3 <40 80 <40 320 
4 <40 40 160 160 
5 <40 80 40 160 
6 <40 320 1,280 2,560 
7 <40 40 80 160 
8 <40 160 80 <40 
9 <40 640 160 320 
10 <40 160 640 1280 
11 <40 160 160 160 
12 <40 1,280 320 2,560 
13 <40 80 80 160 
14t 20,480 20,480 10,240 40,960 
15 <40 40 40 160 
16 <40 <40 160 640 
17 <40 80 80 640 
18 <40 160 80 320 
19 <40 <40 160 160 
20 <40 80 80 320 
21 <40 160 160 640 
22 <40 640 80 320 
23 <40 80 40 320 
24 <40 160 320 1,280 
25 <40 160 640 640 
26 <40 640 640 640 
27 <40 40 80 320 
28 (2007) 2,560 5,120 640 2,560 
29 <40 40 160 160 
30t 2,560 5,120 640 5,120 
31 <40 <40 80 160 
32 <40 <40 40 160 
* IFA T, indirect fluorescent antibody test. 
t Same mare that also gave birth to the weanling foal diagnosed with EPM in 2005. 
exception of the 2 seropositive mares that gave birth to the foals 
with presuckle antibodies to N. hughesi, the remaining seropos-
itive mares became seronegative at the 6-mo follow-up. The 2 
above mentioned mares remained seropositive during the entire 
study period with titers ranging from 160 to 1,280 (Table II). 
These mares were followed for 2 additional pregnancies in order 
to investigate further transplacental transmission of infection. The 
older mare gave birth to 1 additional healthy foal that showed 
evidence of transplacental infection in 2008. This mare was lost to 
follow-up after being sold later that year. The second mare gave 
birth to an additional 2 healthy foals, both of which had 
detectable anti-N. hughesi serum antibody collected before 
ingestion of colostrum. Collectively, these 3 additional foals had 
pre-suckle antibody titers ranging from 640 to 1,280 (Table II). 
Seroconversion, defined as a rise in antibody concentration 
from undetectable to a titer ~ 160, was documented in 9 unrelated 
mares and 10 foals with titers ranging from 160 to 320 (median = 
160). Several clusters of seroconversion were observed in June of 
2006 (4 horses), in March of 2007 (3), and in February of 2008 
(10; Table III). None of the foals that seroconverted had prior 
evidence of passive transfer of specific colostral antibody or 
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TABLE II. Temporal serum titers in 2 mares and their 3 foals with suspected transplacental Neospora hughesi infection on a California farm: 
Mare/foal (pair, year) Post-foaling IFAT 3 mo IFAT 6 mo IFAT 9 mo IFAT 12 mo IFAT 
Mare (14, 2006)t 10,240/40,960t 640 640 640 640 
Foal (14, 2006) 20,4S0/20,4S0§ 640 320 320 320 
Mare (2S, 2007)11 640/2,560 320 640 640 640 
Foal (2S, 2007) 2,560/5,120 2,560 5,120 2,560 2,560 
Mare (30, 2007)t 640/5,120 1,2S0 320 640 640 
Foal (30, 2007) 2,560/5,120 5,120 640 640 640 
Mare (33, 200S)t 640/2,560 -# 
Foal (33, 200S) 640/1,2S0 
Mare (34, 200S) II 1,2S0/640 
Foal (34, 200S) 1,2S0/2,560 
Mare (35, 2009) II 5,120/640 
Foal (35, 2009) 640/1,2S0 
* IF A T, indirect fluorescent antibody test. 
t Thirteen-year-old mare, which also gave birth to the weanling foal diagnosed with EPM in 2005. 
t Titer serum/titer colo strums. 
§ Titer presuckle/titer postsuckle. 
II Five-year-old mare. 
# Follow-up titers not available. 
transplacental exposure to N. hughesi. The foals were between 9 
and 12 mo of age at onset of antibody detection, while the age of 
the broodmares ranged from 4 to 10 yr. 
All blood and colostrum samples tested PCR negative for N. 
hughesi. Only 1 placenta collected in 2007 from the mare with the 
2 congenitally infected foals tested PCR positive for N. hughesi. 
The ITS-l sequence generated from the PCR-positive placenta 
showed 100% homology to aN. hughesi ITS-l sequence isolated 
from a horse in California (GenBank AF038859). Immunohisto-
chemistry of this same placenta using N. caninurn polyclonal 
antisera revealed rare positive reacting round to oval structures 
compatible with protozoal tachyzoites lying within the stroma of 
placental villi in the absence of any appreciable inflammatory cell 
response. 
DISCUSSION 
The present study, which represents the first attempt to 
investigate transplacental infection in horses with N. hughesi, 
was initiated following the diagnosis of neural neosporosis in a 4-
mo-old filly. We suspected that this filly had been infected 
transplacentally from its seropositive dam. Further, the study 
population was selected based on a high seroprevalence to N. 
hughesi determined the year before initiating this study. Two 
broodmares from a pool of 58 study animals were found to be 
latently infected. During the study period, these 2 mares gave 
birth to 3 healthy foals that showed evidence of endogenous 
transplacental infection based on high presuckle serum antibody 
to N. hughesi. An additional 3 foals were born from these 2 mares 
during the 2008 and 2009 foaling season, and these foals also had 
evidence of endogenous transplacental infection. The study 
population was unique in regard to age and origin. The recently 
acquired broodmares were young, with a median age of 4.5 yr, 
and had been purchased from several U.S. states and Canada. 
One of the latently infected mares was 13-yr-old and originated 
from Iowa, while the other mare was a 5-yr-old that had been 
purchased from Canada. Furthermore, for most of the mares, the 
2 study years represented their first (6 mares) or second (35 mares) 
foaling. 
The life cycle and biology of N. hughesi and its interaction with 
horses have remained poorly investigated because of the sporadic 
nature of infection. Parallels, however, can be drawn between N. 
hughesi and the closely related N. can inurn, a causative agent of 
ascending neuromuscular disease in dogs and abortion in cattle. 
Cattle have been shown to be susceptible to infection through 
ingestion of N. caninurn oocysts contaminated feed and water; 
moreover, it is widely accepted that herd infections with N. 
can inurn are primarily maintained by repeated transplacental 
transmission (Dubey et ai., 2007). The mechanism of reactivation 
of latent Neospora spp. infection is unknown but seems to be 
linked to the immune status of the dam (Anderson et ai., 1997; 
Williams et ai., 2009). The dam's immune system must be 
sufficiently modulated by the pregnancy to allow the parasite to 
reactivate and differentiate back to the tachyzoite stage, which 
TABLE Ill. Seroconversion to Neospora hughesi in 9 broodmares and 10 
foals following natural exposure on a California farm. 
Mare/foal Age Date Serum titer IF AT 
Mare 10 yr April 2006 160 
Mare 5 yr June 2006 160 
Mare 5 yr June 2006 160 
Mare 4 yr June 2006 160 
Mare 9 yr June 2006 160 
Mare 6 yr May 2007 160 
Mare 4 yr May 2007 160 
Mare 4 yr May 2007 160 
Foal I yr February 200S 160 
Foal 1 yr February 200S 320 
Foal I yr February 200S 160 
Foal 1 yr February 200S 320 
Foal 10 mo February 200S 160 
Foal 10 mo February 200S 160 
Foal 10 mo February 200S 320 
Foal 9 mo February 200S 160 
Foal 9 mo February 200S 160 
Foal 9 mo February 200S 160 
Mare 9 yr April200S 160 
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can then migrate to the fetus, thus allowing the parasite to be 
transmitted through several generations of the same family (Innes, 
2007). Similar transmission routes are suspected for N. hughesi, 
although no domestic or sylva tic definitive hosts have yet been 
identified. Our study results showed that exposure to N. hughesi 
occurred via repeated endogenous transplacental transmission 
from 2 persistently infected broodmares. These 2 mares were 
considered to be latently infected based on the presence of high 
serum antibody titers to N. hughesi, determined on several 
occasions throughout the study period. Together, these 2 mares 
gave birth to 6 healthy foals that showed evidence of transpla-
cental infection over a 4-yr period (2006-2009). Four of these 
foals were fillies and will have the potential to infect their progeny 
if they become breeding animals in the future. In cattle, the 
probability of transplacental infection, determined by measure-
ment of precolostral antibody status of calves born from 
seropositive dams, has been shown to be 0.95 (Davison et aI., 
1999), Further, cows remain infected for life and transmit N. 
caninum infection to their offspring in several consecutive 
pregnancies or intermittently (Boulton et a!., 1995; Fioretti et 
aI., 2000). Based on the study results, the authors conclude that N. 
hughesi infection can be transmitted over successive generations of 
horses by the endogenous transplacental route from a latently 
infected dam to her offspring. 
It is of interest to note that the short-term outcome of 
transplacental infection had no clinical effect on the foals, with 
the exception of the foal diagnosed with neuronal neosporosis in 
2005. It remains unknown if the latter foal developed the disease 
secondary to reactivation of a latent N. hughesi infection or 
secondary to horizontal transmission. In cattle, the outcome of N. 
caninum infection following recrudescence of latent infection 
depends upon the age of the fetus, the magnitude of the 
parasitemia, and the particular strain involved (Buxton et aI., 
2002). In the study foals, timing of transplacental infection most 
likely occurred in the third trimester of gestation based on 
serological results and lack of abortion. This assumption is 
supported by the birth of clinically normal foals and the presence 
of presuckle antibodies to N. hughesi. Immunologic competence 
of the equine fetus with functional B lymphocytes is present by 
day 200 of gestation (Perryman et aI., 1980), Furthermore, 
sequential serum titers to N. hughesi did not reveal any rise in 
antibody levels in the 2 latently infected mares as an indirect 
temporal indicator of higher antigen stimulus, as is generally 
observed in cattle (Pare et aI., 1996, 1997). 
At the time of foaling, 17 mares had positive antibody titers to 
N. hughesi. Evidence of seropositive status provides no informa-
tion about the route of infection, viability of the parasite or how 
recently the infection occurred, However, the highest titers were 
found in the 2 mares that gave birth to the transplacentally 
infected foals. In comparison with the other seropositive mares, 
the latently infected broodmares maintained high antibody titers 
to N. hughesi throughout the study period and during subsequent 
pregnancies. High serologic titers in cattle have been significantly 
associated with precolostral seropositivity in their calves (Pare et 
a!., 1996; Fioretti et a!., 2000). This was in marked contrast to this 
study, where the additional seropositive mares maintained 
detectable antibodies for up to 6 months post-foaling. 
The majority of the foals with documented passive transfer of 
colostral antibodies to N. hughesi were born to mares with high titers 
(:::=: 160) against N. hughesi in serum, or colostrum, or both. 
Colostrally acquired anti-N. hughesi antibodies were short lived in 
foals that did not have evidence of endogenous transplacental 
infection, which is in agreement with the results of previous studies 
in cattle (Dubey and Schares, 2006). Seroconversion, not associated 
with ingestion of colostrum, was documented in 19 mares and foals 
during the 2 foaling seasons. Of interest was the clustering of 
seropositive animals by age and month, with a distinct temporal 
difference between broodmares (June and May) and foals (Febru-
ary). Exposure in these horses is likely to have occurred via the 
ingestion of sporulated N. hughesi oocysts from the environment. 
Sporadic abortion or abortion storms are the most common 
manifestations of bovine neosporosis, A less common manifesta-
tion is infection of the central nervous system, seen mainly in 
calves less than 4 mo of age (Anderson et aI., 1995; Dubey and 
Shares, 2006). Abortion due to Neospora spp, has been 
occasionally reported in horses, and several serosurveys have 
implicated Neospora spp. as a possible abortogenic pathogen 
(Dubey and Porterfield, 1990; Pronost et aI., 1999; McDole and 
Gay, 2002; Pi tel et aI., 2003; Villalobos et a!., 2006). The failure to 
detect N. hughesi by PCR in the majority of the placental samples 
from the latently infected broodmares in the present study is not 
unusual for congenital neosporosis, because the number of 
organisms is often low (Barr et a!., 1993). The true clinical 
impact of horses infected with N. hughesi remains to be 
determined beyond the sporadic development of central nervous 
infection. However, it is likely that latently infected animals may 
be at a higher risk of developing clinical disease following 
immunosuppression (Finno et aI., 2007). Long-term follow-up 
studies are needed to determine the impact of transplacental 
infection on the overall well-being of horses. 
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NEW SPECIES OF OSWALDOCRUZIA (NEMATODA: MOLINEIDAE) AND OTHER 
HELMINTHS IN BOLITOGLOSSA SUBPALMATA (CAUDATA: PLETHODONTIDAE) FROM 
COSTA RICA 
Charles R. Bursey and Stephen R. Goldberg' 
Department of Biology, Pennsylvania State University, Shenango Campus, Sharon, Pennsylvania 16146. e-mail: Gxb13@psu.edu 
ABSTRACT: Oswaldocruzia cartagoensis n. sp. (Strongylida: Molineidae) from the intestines of Bolitoglossa subpalmata (Caudata: 
Plethodontidae) is described and illustrated. Oswaldocruzia cartagoensis n. sp. represents the 86th species assigned to the genus and the 
39th species from the Neotropical region. It is most similar to the Neotropical species of the genus that possess type I bursa, i.e., 
Oswaldocruzia bonsi, Oswaldocruzia brasiliensis, Oswaldocruzia lopesi, Oswaldocruzia neghmei, and Oswaldocruzia vitti. Of these, 0. 
bonsi, 0. brasiliensis, and 0. neghmei lack cervical alae, rib 4 in individuals of O. vitti reaches the edge of the bursal membrane, species 
of 0. lopesi and O. cartagoensis can be separated on the basis of spicule structure, the blade in O. lopesi is bifurcate, and that of O. 
cartagoensis terminates in 6-8 fine points. In addition to the new species of Oswaldocruzia, Cosmocera parva, Cosmocera podicipinus, 
and acanthocephalan cystacanths were also found. 
The La Palma salamander, Bolitoglossa subpalmata (Boulenger, 
1896), is a small- to moderate-sized plethodontid species found in 
humid lower montane and montane zones and marginally into the 
pre-montane belt on slopes of the Cordillera de Guanacaste, 
Cordillera de Tilanin, Cordillera Central, and their outliers in 
central to northern Costa Rica, at 1,245-2,900 m elevation 
(Savage, 2002). To our knowledge, there is 1 previous report of 
helminths from this host species: Vial (1968) reported 2 of 702 
specimens as harboring nematodes and 3 of 702 as harboring 
cystacanths, but no further identification was provided. The 
purpose of the present paper is to describe a new species of 
nematode and to provide an initial helminth list for B. 
subpalmata. 
MATERIALS AND METHODS 
Thirty-seven La Palma salamanders, Bolitoglossa subpalmata, collected 
between September 1961 and May 1962 in Cartago and San Jose 
Provinces, Costa Rica, were borrowed from the herpetology collection of 
the Natural History Museum of Los Angeles County (California) (24 
females, 13 males, mean snout-vent length 55 mm ± 5 mm, range 44-
68 mm; Cartago Province: LACM 176166, 176170, 176173, 176175, 
176182,176194,176196,176197,176200,176201, 176204, 176207, 176471, 
176511,176513,176518,176544,176546,176547,176556, 176560, 176568, 
176571, 176574, 176580, 176591; San Jose Province: 176516, 176517, 
176541,176553,176555,176557,176558,176563, 176564, 176581, 176583) 
and examined for helminths. The body cavity was opened by a 
longitudinal incision from vent to throat, and the gastrointestinal tract 
was removed by cutting across the esophagus and rectum. The esophagus, 
stomach, small intestine, and large intestine of each salamander were 
examined separately for helminths using a dissecting microscope. The 
coelom was also searched. Each helminth, fixed in situ, was initially 
cleared in glycerol on a glass slide and examined with a light microscope. 
Nematodes and cystacanths were identified from these preparations. 
Illustrations were made with the aid of a microprojector. Measurements 
are given in micrometers, unless otherwise indicated as mean ± I SD, with 
range in parentheses. 
RESULTS 
Three species of Nematoda, i.e., Cosmocerca parva Travassos, 
1925, Cosmocerca podicipinus Baker and Vaucher, 1984, a new 
species of Oswaldocruzia, and I species of Acanthocephala 
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represented by oligacanthorhynchid cystacanths, were found. 
Twenty-seven of 37 (73%) B. subpalmata were infected with 
helminths (Table I). Voucher helminths were deposited in the 
United States National Parasite Collection (USNPC), Beltsville, 
Maryland (Cosmocerca parva, USNPC 103435; Cosmocerca 
podicipinus, USNPC 103436; the new species of Oswaldocruzia, 
USNPC 103434; and oligacanthorhynchid cystacanth, USNPC 
103437). Description of the new species follows. 
DESCRIPTION 
Oswaldocruzia cartagoensis n. sp. 
(Figs. 1-11) 
General: Small, slender nematodes. Males approximately 3/4 length of 
females. Cephalic region supporting transversely striated cuticular 
inflation. Cervical alae present. Synlophe (studied in transverse section, 
I female, 1 male): cuticle with parallel, longitudinal, cuticular crests 
separated by 6-10 uninterrupted longitudinal lines (mini-crests). Mouth 
with 3 simple inconspicuous lips; dorsal lip with 2 sessile papillae; each 
ventrolateral lip with I ventral sessile papilla, 1 lateral amphid. Well-
developed excretory gland; excretory pore situated near esophageal mid-
point and surrounded by raised circular cuticular disk. 
Male (based on 1 holotype and 5 paratypes): Length 3.4 mm ± 0.4 mm 
(2.9-4.0 mm), width at level of spicules 77 ± 2 (73-79). Anterior end with 
simple cuticular inflation, 77 ± 4 (73-82) in length, with slight transverse 
striations rising approximately 6 above body wall. Cuticle with 
approximately 20 conspicuous uninterrupted longitudinal crests at level 
of esophageointestinal junction, separated from one another by 6-8 
longitudinal cuticular lines. Crest over lateral hypodermic cord slightly 
wider, a continuation of cervical alae. Crests without reinforcement, 
evenly spaced, beginning just behind cephalic inflation and terminating 
slightly anterior to bursa; longitudinal lines between crests visible 
throughout length of body. Claviform esophagus 351 ± 11 (336-366) in 
length, 37 ± 4 (31-43) in width posteriorly. Nerve ring 159 ± 21 (128-183) 
and excretory pore 214 ± 32 (177-256) from anterior end, respectively. 
Bursa tri-Iobed, type I (see Ben Slimane et aI., 1996), ribs 6 and 8 with 
independent origin, rib 8 separated from rib 6 along entire length; ribs 2 
and 3 attached throughout, reaching edge of bursal membrane; ribs 4-6 
with common origin, 4 separating from 5 and 6, not reaching edge of 
bursal membrane, ribs 5 'and 6 remaining together and reaching edge of 
bursal membrane. Dorsal ray conical 48 ± 5 (40-52) in length, arising 
from common base with ribs 4-6. Origin of rib 8 on and perpendicular to 
dorsal ray, not reaching edge of bursal membrane. Rib 9, unbranched, 
arising near distal end of dorsal ray; distal end of dorsal ray entire, conical. 
Prominent genital cone, riblet 0 at base of genital cone on mid-line, riblets 
7 lateral to genital cone. Spicule 116 ± 5 (110-122) in length; distal half 
divided into 3 branches; blade divided distally into 8 narrow, pointed 
processes. 
Female (based on 1 allotype and 9 paratypes): Length 4.6 ± 0.3 mm 
(3.9-5.0 mm), width 117 ± 11 (104-134) at vulva. Simple cephalic 
cuticular inflation 78 ± 9 (67-92) in length, rising approximately 8 above 
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TABLE I. Site of infection, number (N), prevalence, mean intensity, and range for helminths in Bolitoglossa subpalmata from Costa Rica. 
Helminth Site of infection N 
Nematoda 
Cosmocerca parva Large intestine 13 
Cosmocerca podicipinus Large intestine 38 
Oswaldocruzia cartagoensis Stomach, intestines 40 
Acanthocephala 
Cystacanths Body cavity 14 
(Oligacanthorhynchidae) 
body wall. Cuticular crests evenly spaced, approximately 30 in number at 
level of esophageointestinal junction, arising just posterior to cephalic 
inflation and terminating on tail; separated from one another by 8-10 
longitudinal lines that also arise in cervical region and continue to tail. 
Crest over lateral hypodermic cord slightly wider, a continuation of 
cervical alae. Claviform esophagus 362 ± 37 (299-397) in length, 38 ± 5 
(31-49) in width posteriorly. Nerve ring 151 ± 17 (130-177) and excretory 
pore 216 ± 28 (178-256) from anterior end, respectively. Tail 198 ± 12 
(183-220) in length, terminating in flexible filament approximately 8 ± 2 
(6-12) in length. Vulva, transverse slit, anterior lip, posterior lip non-
salient, 1.8 ± 0.1 mm (1.6-2.0 mm) from posterior end. Vagina short, 31 ± 
3 (27-37), entering at mid-point of vestibule; vestibule 128 ± 12 (121-149). 
Sphincter 26 ± 4 (21-31) long by 26 ± 3 (21-31) wide at junction of 
vestibule and uterus; amphidelphic; eggs in single file; maximum number 
found in a uterus, 15. Eggs in early cleavage 98 ± 5 (92-104) long by 60 ± 
6 (49-67) wide. 
Taxonomic summary 
Type host: La Palma salamander, Bolitoglossa subpalmata; symbiotype, 
LACM 176518; collection date 19 May 1962. 
Type locality: Costa Rica, Cartago Province, Cerro de La Muerte, Pan 
American Highway, 2.4 Ian N of Las Cruces, 8°47'N, 82°57'W, 1,120-
1,385 m elevation. 
Site of infection: Stomach, and small and large intestines. 
Type specimens: Holotype male, USNPC 103431; allotype female, 
USNPC 103432; paratype USNPC 103433. 
Etymology: The new species is named in reference to its collection site. 
Remarks 
A key to 74 species of Oswaldocruzia was published by Ben Slimane et al. 
(1996); 11 additional species are known (Chow, 1940; Mang-Hwa and Jun-
Yi, 1980; Moravec and Kaiser, 1995; Bursey and Goldberg, 2004, 2005; 
Bursey et aI., 2006, 2007; Durette-Desset et aI., 2006; Santos et aI., 2008). Of 
the 38 Neotropical species of Oswaldocruzia (Table II), 5 have a type I 
bursa, namely, Oswaldocruzia bonsi, Oswaldocruzia brasiliensis, Oswaldo-
cruzia lopesi, Oswaldocruzia neghmei and Oswaldocruzia vitti. Of these, O. 
bonsi, o. brasiliensis, and 0. neghmei species differ from o. cartagoensis in 
that they lack cervical alae; O. vitti differs in that rib 4 reaches the edge of 
the bursal membrane. Oswaldocruzia lopesi and o. cartagoensis are 
separated on the basis of spicule structure; the distal end of the blade in 
O. lopesi is bifurcate, and that of 0. cartagoensis is divided into 8 filaments. 
DISCUSSION 
Bolitoglossa subpalmata represents a new host record for each 
of the helminths species reported here. The species of Cosmocerca 
were identified based upon the criteria of Baker and Vaucher 
(1984): C. parva, vagina thick-walled, directed anteriorly in first 
half, flexed to posterior in distal portion; C. podicipinus, vagina 
directed posteriorly throughout length. Species of both Cosmo-
cerca and Oswaldocruzia are monoxenous; infection by species of 
Cosmocerca occurs by penetration of the integument by larval 
stages, whereas infection by species of Oswaldocruzia is acquired 
Prevalence (%) Mean intensity ± 1 SD Range 
14 (5/37) 2.6 ± 1.7 1-5 
46 (17/37) 2.2 ± 1.4 1-6 
35 (13/37) 3.1 ± 2.0 1-7 
3 (1/37) 14 
by the ingestion of larval stages (Anderson, 2000). A host and 
distribution list for C. parva can be found in McAllister et aI. 
(20IOa). There are additional hosts to be added to the host list for 
C. podicipinus given by Goldberg et aI. (2007), i.e., Leptodactylus 
chaquensis, Leptodactylus latinasus (Argentina; Hamann, Kehr, 
and Gonzalez, 2006; Hamann, Gonzalez, and Kehr, 2006), 
Agalychnis annae, Agalychnis callidryas, Agalychnis spurrelli, 
Dendropsophus ebraccatus, Isthmohyla pictipes, Isthmohyla rivularis, 
Isthmohyla tica, Scinax elaeochrous, Smilisca phaeota, Smilisca 
sordida, Tlalocohyla loquax (Costa Rica; Goldberg and Bursey, 
2008a), Craugastor melanostictus, Craugastor ranoides, Craugastor 
taurus, Craugastor underwoodi, Pristimantis caryophyllaceus, Pris-
timan tis cruentus, Pristimantis ridens (Costa Rica; Goldberg and 
Bursey, 2008b), Pseudis platensis (Brazil; Campiao et aI., 2010), 
Craugastor angelicus, Craugastor megacephalus, Craugastor podici-
ferus, Craugastor stejnegerianus, Crepidophryne epiotica, Hypopa-
hus variolosus, Leptodactylus fragilis, Leptodactylus poecilochius, 
Leptodactylus vail/anti, Rhinella marina (Costa Rica; Bursey and 
Brooks, 2010), Allobates talamancae, Atelopus varius, Craugastor 
angelicus, Dendrobates auratus, Diasporus hylaeformis, Phyllobates 
vittatus (Costa Rica; Goldberg and Bursey, 2010), and Hypsiboas 
faber (Paraguay; McAllister et aI., 20IOb). 
Acanthocephalans require at least 2 hosts in the life cycle; 
arthropods are the usual intermediate hosts in which the infective 
stage, the cystacanth, develops, and when eaten by an appropriate 
definitive host, it develops to maturity (Kennedy, 2006). Adults of 
species assigned to the Oligacanthorhynchidae are typically 
associated with mammals (Nickol and Dunagan, 1989); however, 
cystacanths have been reported from Costa Rican frogs, 
Lithobates vail/anti (Goldberg and Bursey, 2007a), lizards, 
Lepidoblepharis xanthostigma and Mesaspis monticola (Goldberg 
and Bursey, 2004; Bursey and Goldberg, 2006, respectively), and 
snakes, Coniophanes fissidens, Urotheca euryzona, and Xenodon 
rabdocephalus (Goldberg and Bursey, 2007b). Most likely, this 
infection represents an accidental occurrence, i.e., B. subpalmata 
would not be a normal stage in an acanthocephalan life cycle. 
Helminth species are generally classified as core and secondary 
species according to prevalence (P): species with P > 30% are 
deemed core species, and species with P = 10-30% are considered 
secondary species (Roca, 1993). In the present study, C. 
podicipinus and o. cartagoensis represent core species (P = 38, 
40, respectively), and C. parva represents a secondary species (P = 
13). Vial (1968) did report unidentified nematodes and cysta-
canths in B. subpalmata, but we are not aware of any other reports 
of helminths from Costa Rican salamanders; thus, more work is 
required before generalizations about the helminth load of Costa 
Rican salamanders can be made. 
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FIGURES 1-11. Oswaldocruzia cartagoensis n. sp. (1) Female, anterior end, lateral view. (2) Female, en face view. (3) Synlophe in transverse section, 
posterior to esophageointestinal junction. (4) Male, posterior end, lateral view. (5) Female, vulvar region, lateral view. (6) Egg, morula stage of 
development. (7) Male, posterior end, ventral view. (8) Female, posterior end, lateral view. (9) Left spicule, shoe, dorsal view. (10) Left spicule, fork, 
ventral view. (11) Left spicule, blade, extemolateral view. 
TABLE II. Neotropical species of Oswaldocruzia, selected characteristics of males (data from original sources). 
Length Ex pore-Eso Synlophe at Bursa Spicule length Spicule blade 
Oswaldocruzia sp. Locality Host group (mm) ratio Cervical alae mid-body* typet (11m) terminus 
a. albareti Ben Slimane and Ecuador, Hylidae, 7.75 1.03 Absent 36-43 ridges II 190 4 processes 
Durette-Desset, 1996 French Guyana Leptodactylidae 
o. anolisi Baros and Coy Otero, Cuba Polychrotidae, 8.01-8.68 0.48 Present 38-45 ridges III 183-206 Numerous 
1968 Teiidae, processes 
Tropiduridae 
a. bainae Ben Slimane and Ecuador Polychrotidae 7.1 0.72 Absent 35--44 crests III 190 Bifurcate, 
Durette-Desset, 1996 numerous small 
processes 
a. barusi Ben Slimane and Cuba Bufonidae 4.8 0.53 Present 38 ridges II 120 Numerous small 
Durette-Desset, 1995 processes 
O. belenensis Santos, Giese, Brazil Bufonidae 6.0--7.2 0.72 Absent 29 ridges II 148-187 4 processes 
Maldonado, and Lanfredi, 
2008 
O. benslimanei Durette-Desset, Brazil Polychrotidae 7.9 0.63 Present 73 crests II 235 Spatuate 
Alves dos Anjos, and 
Vrcibradic, 2006 
a. bonsi Ben Slirnane and Ecuador Plethodontidae, 4.0 0.60 Absent 38-50 ridges ISO 4 + 2 smaller 
Durette-Desset, 1993 Strabomantidae processes 
a. brasiliensis Lent and Freitas, Brazil Colubridae, 4.34-4.87 0.72 Absent Not stated 112-135 Spatuate 
1935 Gekkonidae 
o. brevispicula Moravec and St. Vincent Leptodactylidae 2.56-2.68 0.39 Present Indistinct III 93 3 processes 
Kaiser, 1995 
o. burseyi Durette-Desset, Alves Brazil Polychrotidae 9.0-9.7 0.58 Present 88 crests II 250-280 6 processes (lJ 
c 
dos Anjos, and Vrcibradic, JJ (IJ 
2006 m 
-< 
o. cartagoensis n. sp. Costa Rica Plethodontidae 2.9-4.0 0.44 Present 20 ridges, 110--122 8 processes > z 
6-8 interlines 0 
o. cassonei Ben Slirnane and Ecuador Leptodactylidae 4.2 0.55 Absent 30--35 ridges III 125 Spatulate G) 0 
Durette-Desset, 1996 r 0 
o. chabaudi Ben Slimane and Ecuador Hylidae 6.9 0.79 Absent 32-43 ridges III 175 5 processes (lJ m 
Durette-Desset, 1996 JJ G) 
o. chambrieri Ben Slimane Ecuador Bufonidae 5.4 0.62 Absent 40-49 ridges III 190 Numerous I z 
and Durette-Desset, 1993 processes m :E 
o. costaricensis Bursey and Costa Rica Ranidae 7.5-8.3 0.64 Present 20 ridges, 6-8 II 183-201 2 processes (IJ 
"1J 
Goldberg, 2005 interlines m 0 
a. dlouhyi Ben Slimane and Brazil Bufonidae 6.45 0.71 Present 32 ridges II 225 9 processes m (IJ 
Durette-Desset, 1995 0 
a. dorsarmata Ben Slimane, Guadeloupe Polychrotidae 6.8 0.55 Present 59 ridges II 180 Numerous "Tl 
Durette-Desset and processes @ 
Chabaud, 1995 ~ r-
a. fredi Durette-Desset, Brazil Polychrotidae 7.3 0.63 Present 62 crests II 240 6 processes CJ 0 
Alves dos Anjos, and () 
:0 
Vrcibradic, 2006 ~ 
(Table II continued) 'h 
'" co <0 
I\) 
Table II. Continued. eo 0 
Length Ex pore-Eso Synlophe at Bursa Spicule length Spicule blade --I I 
m 
Oswaldocruzia sp. Locality Host group (nun) ratio Cervical alae mid-body* typet (1J1ll) terminus c-
O 
c 
0. jeanbarti Ben Guadeloupe Leptodactylidae, 8.85 0.65 Present 50 ridges III 185 Numerous :0 z 
Slimane, Durette-Desset, Polychrotidae processes l> r 
andChabaud,1995 0 
"Tl 
0. lescurei Ben Slimane and French Guyana Bufonidae 6.0 0.52 Absent 40--56 ridges II 210 6 processes ""0 
l> Durette-Desset, 1996 :0 l> 
0. lenteixeirai Perez-Vigueras, Cuba, Puerto Hylidae, 7.5-8.0 0.60 Absent 32-38 ridges III 160--170 Numerous Ul 
=i 
1938 Rico Leptodactylidae processes 0 r 
0. lopesi Freitas and Brazil Leptodactylidae 4.90-6.14 0.85 Present Not stated 126-139 4 processes 0 G) 
Lent, 1938 :< 
0. marechali Ben Guadeloupe Polychrotidae 9.2 0.64 Present 50 ridges II 190 Numerous < 0 
Slimane, Durette-Desset, and processes ,-
eo Chabaud, 1995 .-J 
0. mauleoni Ben Slimane, Guadeloupe Polychrotidae 7.4 0.60 Present 59 ridges II 185 Numerous z 0 
Durette-Desset, and Chabaud, processes !'> 
1995 l> 
O. mazzai Travassos, Brazil, Ecuador Bufonidae 7.2-10.65 0.71 Present 56 ridges II 210 10 processes ""0 :0 
1935 ;= I\) 
O. moraveci Ben Slimane and Cuba Hylidae 7.61-8.50 0.62 Absent Not Stated II 144-179 Numerous ~ 
Durette-Desset, 1995 processes 
O. neghmei Puga, 1981 Chile Leptodactylidae 5.4-7.0 pore not stated Absent Smooth 150-160 Structured 
differently (2 
part not 3 part) 
O. nicaraguensis Bursey, Nicaragua Teiidae 5.4-7.1 0.99 Absent 20 ridges, 6-8 II 140--159 Numerous 
Goldberg, and Vitt, interlines processes 
2006 
o. panamaensis Bursey, Panama Gymnophthalmidae 4.8-7.0 0.80 Present 100 ridges II 122-156 Numerous 
Goldberg, and Telford, 2007 processes 
O. peruensis Ben Peru Tropiduridae 6.95-8.50 0.38 Present 37 crests II 180-250 3 trifid processes 
Slimane, Verhaagh, 
and Durette-Desset, 1995 
o. petterae Ben Slimane and Ecuador Leptodactylidae 5.0 0.70 Absent 26-30 ridges III 140 6 processes 
Durette-Desset, 1996 
0. proencai Ben Slimane and Paraguay Bufonidae, 3.73-9.18 0.79 Absent Not stated II 150-200 Numerous 
Durette-Desset, 1995 Leptodactylidae processes 
0. subauriacularis (Rudolphi, Brazil Bufonidae, 8.2-9.6 0.82 Present 51 ridges III 190-205 8 processes 
1819) Travassos, 1917 Leptodactylidae 
0. taranchoni Ben Slimane and Brazil Bufonidae 6.45 0.91 Absent Not stated III 175 Spatulate 
Durette-Desset, 1995 
O. tcheprakovae Ben Slimane and Ecuador Leptodactylidae 3.65 0.62 Absent Smooth III 130 Bifurcate 
Durette-Desset, 1996 
o. touzeti Ben Slimane and Ecuador Leptodactylidae 3.75 0.63 Present 31-39 ridges II 130 3 processes 
Durette-Desset, 1993 
o. vaucheri Ben Slimane and Ecuador Strabomantidae 5.0 0.73 Present 25-31 ridges II 120 5 processes 
Durette-Desset, 1993 
(Table II continued) 
-\0 
00 
o 
o 
00 
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TWO NEW EIMERIANS (APICOMPLEXA) FROM INSECTIVOROUS MAMMALS 
IN MADAGASCAR 
Lee Couch, Juha Laakkonen*, Steven Goodmant, and Donald W. Duszynski 
Department of Biology, The University of New Mexico, Albuquerque, New Mexico 87131. e-mail: Icouch@unm.edu 
ABSTRACT: Fecal samples from 126 insectivorous mammals in Madagascar were collected between spring 1999 and fall 2001. In the 
Afrosoricida, 21 species in 5 genera were sampled, including 17 species of Microgale (31196, 32% infected), Hemicentetes semispinosus 
(112,50%), Oryzorictes hova (115,20%), Setifer setosus (8/13, 61.5%), and Tenrec ecaudatus (5/8,62.5%); in the Soricomorpha, only 
Suncus murinus was examined and 112 (50%) were infected. Two morphotypes of eimeriid oocysts, representing 2 presumptive new 
species, were found in 47 (37%) infected animals; only 2 afrosoricid hosts (2% of all hosts, 4% of infected hosts) had both oocyst 
morphotypes. Sporulated oocysts of the first morphotype, Eimeria tenrececaudata n. sp., are subspheroidal, 18.8 X 17.4 (17-22 X 15-
20), with a length:width ratio (LIW) of Ll (1.0-1.2); they lack a micropyle but may contain 0-2 polar granules and a single, small 
round oocyst residuum, 3 X 2.3. Sporocysts are lemon-shaped, 9.9 X 6.6 (9-11 X 5-8), with a LIW of 1.5 (1.2-2.0); they have a 
prominent, slightly flattened Stieda body and a substieda body but lack a parastieda body. The sporocyst residuum consists of only a 
few granules between the sporozoites, which are sausage-shaped and have a large posterior refractile body. Oocysts of the second 
morphotype, Eimeria setifersetosa n. sp. are spheroidal to subspheroidal, 30.1 X 28.6 (27-34 X 25-34), with a LIW of Ll (1.0-1.2); 
they lack both micropyle and oocyst residuum, but 1-2 polar granules are usually present. Sporocysts are subspheroidal to broadly 
ellipsoidal, 9.6 X 7.3 (9-11 X 6-8), with a LIW of 1.3 (Ll-1.7); they have a broad Stieda body, lack sub- and parastieda bodies, and 
have a residuum of a few granules scattered throughout the sporocyst. Sporozoites were not clearly defined, but what seemed to be a 
single large refractile body is seen, presumably in each sporozoite. 
Until recently, the order Lipotyphla (syn. Insectivora sensu 
stricto) was used as a "catchall" for a variety of very small, to 
small, fairly unspecialized insectivorous mammals. However, 
because of mounting evidence from molecular and morphological 
studies documenting the paraphyletic nature of these small 
mammals, the order formally known as Insectivora, has been 
refined (see Discussion). Laakkonen and Goodman (2003) were 
the first to summarize and document what is known about the 
endoparasites of Malagasy mammals, including rodents, bats, 
carnivores, and insectivores; they noted that, to date, there are 
very few studies on all parasite groups, especially coccidia 
(Apicomplexa: Eimeriidae), that infect insectivorous mammals 
from Madagascar. After extensive collections of many of these 
small mammals from 1999 to 2001, the samples were evaluated. 
Here, we present our findings and describe 2 new, putative species 
of Eimeria. 
MATERIALS AND METHODS 
Between September 1999 and November 2001, 126 fecal samples were 
collected from various insectivore species in Madagascar; all animals were 
wild-caught, killed, and the feces was collected directly from the rectum. 
Fecal material was placed in vials of 2.5% (w/v) aqueous potassium 
dichromate (K2Cr207) solution, mixed thoroughly, and stored at ambient 
temperature in the field before being shipped to the United States. 
Unfortunately, these samples did not reach the University of New Mexico 
(UNM) until approximately 5 mo after the collection, and it took another 
month before they were examined and oocysts could be photographed and 
measured. Upon receipt at the UNM, the samples were stored at ambient 
temperature (-23 C) for -I mo in Petri dishes until they could be 
processed and screened for coccidia as detailed by Duszynski and Wilber 
(1997). Oocysts were measured and photographed using both bright field 
and Nomarski differential interference contrast microscopy. Photosyn-
types of oocysts were sent to the U.S. National Parasite Collection 
(USNPC) in Beltsville, Maryland. Standardized abbreviations for oocyst 
and sporocyst structures generally follow those of Wilber et al. (1998), i.e., 
Received 24 July 2010; revised 4 October 2010; accepted 7 October 2010. 
* Department of Veterinary Sciences, P.O. Box 66, University of Helsinki, 
00014 Helsinki, Finland. 
t Center for Environmental and Evolutionary Biology, Field Museum of 
Natural History, 1400 Lake Shore Drive, Chicago, Illinois 60605. 
DOl: lO.1645/GE-2611.1 
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oocyst characters: length (L) and width (W) with their ranges, ratio (LIW) 
and ranges, micropyle (M), residuum (OR), and polar granules (PG). 
Sporocyst characters are as follows: L, W, LIW, and ranges, Stieda body 
(SB), substieda body (SSB), parastieda body (PSB), residuum (SR), 
sporozoites (SZ), refractile bodies (RB), and nucleus (N) in SZ. All 
measurements are in micrometers, with ranges in parentheses after the 
means. 
RESULTS 
Of 126 mammals examined for coccidia (Table 1),47 (37%) had 
eimerian oocysts in their feces. In some of these positive samples, 
hundreds of oocysts were observed in aliquots (1 ml) taken from 
the stock sample, whereas in others only a few oocysts (~10) 
could be found per aliquot. 
The first eimerian described below was found in 39 (31%) 
animals (38 afrosoricids and 1 soricomorph), and the second 
eimerian was found in 10 (8%) afrosoricids; 2 afrosoricids were 
infected with both species. 
DESCRIPTIONS 
EImeria tenrececaudata n. sp. 
(Figs. 1-3, 6) 
Description of sporulated oocyst: Oocyst shape: subspheroidal; number 
of walls, 1. Wall thickness: -1, smooth. L X W: 18.8 X 17.4 (17-22 X 15-
20); LIW: Ll (1.0-1.2). Micropyle absent. Residuum single, small, 
subspheroidal body, 3.0 X 2.3. PG 0-2. 
Description of sporocyst and sporozoites: Sporocyst lemon-shaped. L X 
W: 9.9 X 6.6 (9-11 X 5-8), LIW: 1.5 (1.2-2.0). SB present, prominent, 
slightly flattened. SSB present, approximately same width and depth as 
SB. PSB absent. Residuum consisting of a few granules lying across center 
of sporocyst. SZ sausage-shaped, end to end, with large posterior RB 
visible in some. 
Taxonomic summary 
Type host: Tenrec ecaudatus (Schreber, 1777), tail-less or common 
tenrec. 
Type locality: Madagascar, Province d'Fianarantsoa, Foret d'lanasana, 
13°58.6'S, 48°25.4'E, altitude (alt.) 785-1,600 m. 
Other hosts: Hemicentetes semispinosus (G. Cuvier, 1798), lowland 
streaked tenrec; Microgale brevicaudata G. Grandidier, 1899, short-tailed 
shrew tenrec; Microgale cowani Thomas, 1882, Cowan's shrew tenrec; 
Microgale drouhardi G. Grandidier, 1934, Drouhard's shrew tenrec; 
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TABLE 1. Insectivorous mammals collected in Madagascar from 1999 to 2001 and infected with 2 new Eimeria species. 
Host order/genus/species 
Afrosoricida 
Hemicentetes semispinosus* 
Microgale 
brevicaudata 
cowani 
dobsoni 
drouhardi 
fotsifotsy 
gracilis 
gymnoryncha 
longicaudatus* 
monticola 
parvula 
principula 
pusilla 
soricoides 
sp. (?) 
taiva 
talazaci 
thomasi 
Oryzorictes hova 
Setifer setosus 
Tenrec ecaudatus 
Soricomorpha 
Suncus murinus 
Total-all animals 
E. tenrececaudata 
No. infected/examined (%) 
112 (SO) 
3/12 (25) 
117 (14) 
0/3 
2/2 (100) 
0/6 
0/1 
114 (2S) 
6/11 (S4.S) 
0/1 
3/13 (23) 
0/1 
0/1 
7/8 (87.S) 
2/11 (18) 
2/9 (22) 
112 (SO) 
0/4 
liS (20) 
S/13 (38) 
3/8 (37.S) 
112 (SO) 
39/126 (31) 
• Two host animals were infected with both species. 
Microgale gymnorhynchus Jenkins, Goodman and Raxworthy, 1996, 
naked-nosed shrew tenrec; Microgale longicaudata Thomas, 1882, lesser 
long-tailed shrew tenrec; Microgale parvula G. Grandidier, 1934, pygmy 
shrew tenrec; Microgale soricoides Jenkins, 1993, shrew-toothed shrew 
tenrec; Microgale taiva Major, 1896, Taiva shrew tenrec; Microgale 
talazaci Major, 1896, Talazac's shrew tenrec; Oryzorictes hova A. 
Grandidier, 1870, mole-like rice tenrec; Setifer setosus Schreber, 1778, 
greater hedgehog tenrec; and Suncus murinus (L., 1766), Asian house 
shrew. 
Geographic distribution: Madagascar, Foret de Binara, 13°IS.3'S, 
49°37.0'E; Marojejy National Park, 14°26.2'S, 49°37.2'E; Foret d'iana-
sana, 18°1S.7'S, 4so25.2'E; Ranomafana National Park, Vato, 21°17.4'S, 
47°26.0'E; Anjanaharibe-Sud, 14°4S.9'S, 49°2S.9'E; Bemaraha National 
Park, 19°8.4'S, 44°49.7'E. 
Prevalence: Three of 8 (38%) in type host; 3/12 (2S%) in M. 
brevicaudata; 117 (14%) in M. cowani; 2/2 (100%) in M. drouhardi; 114 
(2S%) in M. gymnorhyncha; 6/11 (SS%) in M. longicaudatus; 3/13 (23%) in 
M. parvula; 7/8 (88%) in M. soricoides; 2/11 (18%) in Microgale spp.; 2/9 
(2S%) in M. taiva; 112 (50%) in M. talazaci; 112 (SO%) in H. semispinosus; 
liS (20%) in 0. hova; S/13 (39%) in S. setosus; and 112 (SO%) in S. murinus. 
Sporulation: Presumably exogenous, but it is impossible to know for 
sure because samples were carried in the field for ~ 5 mo before arriving at 
UNM. 
Prepatent and patent periods: Unknown. 
Site of infection: Unknown. Oocysts recovered from fecal material in 
rectum. 
Endogenous stages: Unknown. 
Cross-transmission: None to date. 
Pathology: Unknown. 
Material deposited: Photosyntypes of sporulated oocysts deposited in 
the USNPC as 103391. 
Etymology: The specific epitaph of the species name of this eimerian 
combines the genus and specific epitaph of the type host. 
E. setifersetosa 
No. infected/examined (%) 
Remarks 
112 (SO) 
1/11 (9) 
III (100) 
1/11 (9) 
114 (2S) 
3/13 (23) 
2/8 (2S) 
10/126 (8) 
Totals 
No. infected/examined (%) 
112 (SO) 
3/12 (25) 
117 (14) 
0/3 (0) 
2/2 (100) 
0/6 (0) 
0/1 (0) 
114 (25) 
6/11 (SS) 
0/1 (0) 
3/13 (23) 
111 (100) 
0/1 (0) 
7/8 (88) 
3/11 (27) 
2/9 (22) 
112 (SO) 
114 (2S) 
liS (20) 
8/13 (61.5) 
S/8 (62.S) 
112 (SO) 
47*/126 (37) 
Oocysts of this eimerian seem similar to those of Eimeria madagascar-
ensis from Setifer setosus, except they are larger (18.8 x 17.4 vs. 16.3 x 
IS.4), their wall varies from smooth to slightly striated versus a thinner 
smooth wall, they have an OR which E. madagascarensis lacks, and their 
SZ are sausage-shaped with a large RB seen in some, whereas those of E. 
madagascarensis are short and stocky and lie sideways in the sporocyst. 
Finally, these oocysts differ from those of E. setosi from S. setosus in that 
oocysts of the latter species are larger (24.6 X 21.8 vs. 18.8 x 17.4), have a 
thicker, rough, striated wall, and lack an OR. The sporocysts of E. setosi 
have SRs composed of many large and small granules clustered in the 
center of their short, stocky sporocysts, whereas those of E. tenrececaudata 
have only a few dispersed granules in a lemon-shaped sporocyst. 
Eimeria setifersetosa n. sp. 
(Figs. 4, 5, 7) 
Description of sporulated oocyst: Oocyst spheroidal to subspheroidal. 
Number of walls 1, although some seem to have thinner inner second wall. 
Wall thickness 1.5, smooth, with transverse striations. L X W: 30.1 X 28.6 
(27-34 X 2S-34); L/W: 1.1 (1.0-1.2). M and OR both absent. PG 1-2. 
Description of sporocyst and sporozoites: Sporocyst subspheroidal to 
broadly ellipsoidal. L X W: 9.6 X 7.3 (9-11 X 6-8); L/W: 1.3 (1.1-1.7). SB 
present, broad, ~ I.S. SSB and PSB both absent. SR a few scattered 
granules throughout sporocyst. SZ not seen, Large RB present where each 
SZ should have been. 
Taxonomic summary 
Type host: Setifer (Erinaceus) setosus (Schreber, 1777), greater 
Madagascar hedgehog tenrec. 
Type locality: Madagascar, Province d'Fianarantsoa, Foret d'ianasana, 
13°S8.6'S, 48°2S.4'E, alt. 78S-1,600 m. 
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FIGURES I - S. Photomicrographs of (1-3) Eimeria tenrececaudata and 
(4-5) Eimeria setifersetosa. Scale bar = 10 11m. Abbreviations are 
expanded in the text. 
Other hosts: Hemicentetes semlsptnOSUs (G. Cuvier, 1798), lowland 
streaked tenrec; Microgale longicaudatus Thomas, 1882, lesser long-tailed 
shrew tenrec; Microgale principula Thomas, 1926, greater long-tailed 
shrew tenrec; Microgale thomasi Major, 1896, Thomas's shrew tenrec; 
Tenrec ecaudatus (Schreber, 1777), Tenrec. 
Geographic distribution: Madagascar, Ranomafana National Park, 
Vato, 21 °17.4'S, 47°26.0'E; Bemaraha National Park, 19°8.4'S, 44°49.7'E. 
Prevalence: Three of 13 (23%) type host, 1/11 (9%) M. longicaudatus, 
III (100%) M. principula, 1111 (9%) Microgale spp., 114 (2S%) M. thomasi, 
112 (SO%) H. semispinosus, 2/8 (2S%) T ecaudatus. 
Sporulation: Presumably exogenous, but it is impossible to know for 
sure because samples were carried in the field for -S mo before arriving at 
UNM. 
Prepatent and patent periods: Unknown. 
Site of infection: Unknown. Oocysts recovered from fecal material in 
rectum. 
Endogenous stages: Unknown. 
Cross-transmission: None to date. 
Pathology: Unknown. 
Material deposited: Photosyntypes of sporulated oocysts deposited in 
the USNPC as 103390. 
Etymology: The specific epithet of the species name combines the genus 
and specific epithet of the type host. 
Remarks 
Oocysts of this new species differ from both E. madagascarensis and E. 
setosi by being larger (30.1 x 28.6 vs. 16.3 X IS.4 and 24.6 X 21.8, 
respectively) and by having broadly ellipsoidal sporocysts with very few 
SR granules spread across the center versus ovoidal and football-shaped, 
respectively, both with an irregular mass of granules in the center. The 
wall of E. madagascarensis is thin and smooth (- O.S) and that of E. setosi 
is thick (2.0), rough and striated, whereas the wall of E. setifersetosa n. sp. 
is I.S and smooth. 
6 
FIGUR ES 6-7. Line drawings of (6) Eimeria tenrececaudata and (7) 
Eimeria setifersetosa. Scale bar = 10 11m. 
DISCUSSION 
New techniques for molecular systematics have produced a 
plethora of literature, resulting in wholesale changes in the way in 
which mammalian phylogeny is perceived. This is particularly 
true in the group formerly known as the order Insectivora (sensu 
stricto). Wilson and Reeder (2005), in their third edition of 
Mammal Species of the World, divided this catchall group into 3 
separate orders: Afrosoricida, Erinaceomorpha, and Soricomor-
pha. The Erinaceomorpha include the hedgehogs, from which 6 
Eimeria species have been described in 3 genera, Erinaceus, 
Hemiechinus, and Hylomys (2 eimerians from each). The 
Soricomorpha includes the shrews (Nesophontidae, Soricidae), 
moles (Talpidae), and solenodons (Solenodontidae) (Hutterer, 
2005), with approximately 20 eimerians, each described from 
shrews and moles, but none from solenodons (Duszynski and 
Upton, 2000). The third new order, Afrosoricida, contains the 
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tenrecs (Tenrecomorpha) and the golden moles (Chrysochloridea) 
(Bronner and Jenkins, 2005); 3 eimerians previously were 
described from 2 tenrec genera (Hemicentetes, 1 eimerian; Setifer, 
2 eimerians), but no eimerians, to our knowledge, have yet been 
described from golden moles. 
Nothing is known about host specificity in these groups, Only 
Uilenberg (1967) attempted a single cross-transmission attempt 
when he took (sporulated?) oocysts of E. madagascarensis from S. 
setosus (its type host) and fed them to T. ecaudatus, from which 
oocysts were not released. He also reported observing E. 
madagascarensis oocysts in fecal samples obtained from naturally 
infected T. ecaudatus and a related species, Hemicentetes 
semispinosus (Uilenberg, 1970). Because Uilenberg failed to 
observe cross-transmission of E. madagascarensis oocysts, Pel-
lerdy (1969) elected to assign the form Uilenberg saw in T. 
ecaudatus to a "new" species he called E. uilenbergi, which was 
later relegated as a species inquirenda by Duszynski and Upton 
(2000), It is known that many coccidia seem to be genus or species 
specific with respect to host, although at least some can cross 
generic boundaries when the hosts are closely related (Upton et 
a!., 1992; Hnida and Duszynski, 1999), On the broader scale, 
species of eimeriid coccidians are thought never to cross host 
boundaries of phylum, class, or order. Uilenberg (1967, 1970), as 
noted above, said he found oocysts resembling those of E. 
madagascarensis from S. setosus in 2 other host genera/species 
(i.e" H. semispinosus and T. ecaudatus). In the absence of 
compelling evidence, perhaps we can assume for the present that 
E. madagascariensis may cross genus boundaries. Eimeria 
tenrececaudata, described here, also may lack host specificity, 
being able to infect 5 related genera and 14 species of the same 
host family, Tenrecidae Gray, 1821 (Bonner and Jenkins, 2005) 
(Table I). Likewise, the other new species we describe, E. 
setifersetosa, also seems to lack host specificity, being found in 
7 species and 4 genera of the Tenrecidae. Such observations are 
not limited to mammals, because some eimerian species described 
from numerous host species, e.g., snakes, have been reported 
many times from different species and genera (Duszynski and 
Upton, 2009). The most difficult observation to justify in our 
supposition is finding oocysts that resemble E. tenrececaudata in 
an unrelated species, S. murinus, in another order (Soricomor-
pha). All of the other host species found infected in the present 
study are endemic to Madagascar; however, S. murinus is an 
introduced species that adapts rapidly to new environments, and 
all the hosts sampled here are found in the central highlands, or in 
humid and deciduous forests, or both, in Madagascar. Not only 
do their habitats overlap to some extent but also most 
insectivorous mammals on Madagascar share food resources 
(plant material; invertebrates such as insects and snails; and small 
vertebrates, including lizards, frogs, and mice). Thus, they also 
may share their parasites or, perhaps, some of the oocysts we saw 
were accidental acqulSltlOns, i.e., just passing through the 
gastrointestinal tract from food contaminated with fecal material 
with oocysts. Until gene sequences of each eimerian from these 
disparate hosts can confirm their individual identities (or not), it 
may be best to refer to each as a nonspecific species from many 
hosts, as we report here. 
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MORPHOLOGY AND TAXONOMIC STATUS OF TWO LITTLE-KNOWN NEMATODE SPECIES 
PARASITIZING NORTH AMERICAN FISHES 
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ABSTRACT: Examination of some freshwater and brackishwater (estuarine) fishes in South Carolina in October 2009 yielded, in 
addition to other parasites, 2 little-known nematode species identified as Dichelyne fastigatus Chandler, 1935 (Cucullanidae), from the 
red drum, Sciaenops ocellatus (Linnaeus), from an estuary, and Rhabdochona ovifilamenta Weller, 1938 (Rhabdochonidae), from the 
shorthead redhorse, Moxostoma macrolepidotum (Lesueur), from Lake Moultrie. Light and scanning electron microscopy (the latter 
used for the first time for these species) made it possible to describe several important, but previously unreported, taxonomic features in 
D. fastigatus, such as the location of the excretory pore and deirids, the shape of deirids and a gubernaculum, the shape and size of 
eggs, the presence of precloacal ventral oblique muscle bands, and II pairs of caudal papillae and a pair of phasmids. It distinctly 
differs from the most similar Dichelyne cotylophora (Ward and Magath, 1917), a parasite of North American freshwater percids, in the 
number and arrangement of postanal papillae and by a markedly elevated cloacal region. Records of Dichelyne lintoni Barreto, 1922, 
from S. ocellatus probably concern D. fastigatus. Examination of R. ovifilamenta revealed a high degree of morphologic and biometric 
variability in this species. Based on our analysis, Rhabdochona laurentiana Lyster, 1940, Rhabdochona milleri Choquette, 1951, and 
Rhabdochona catostomi Kay ton, Kritsky, and Tobias, 1979, are synonymized with R. ovifilamenta Weller, 1938, typically a parasite of 
North American catostomids. 
The fauna of North American fish nematodes is so far 
insufficiently known (Hoffman, 1999). Some species remain 
inadequately described, which makes their identification prob-
lematic and, consequently, data on their hosts, distribution, 
biology, etc., unreliable. In October 2009, a few fish specimens 
from 2 localities in South Carolina were examined for the 
presence of helminth parasites. In addition to other parasites 
recorded, adult specimens of 2 little-known nematode species were 
recovered. Results of their taxonomic evaluation based on 
detailed light (LM) and scanning electron microscopy (SEM) 
(the latter used for the first time in these species) are presented 
herein. 
MATERIALS AND METHODS 
Two specimens of Moxostoma macrolepidotum (Lesueur) (total body 
length 13-14.5 cm) (Cyprinidae, Cypriniformes) and I of Carpiodes velifer 
(Rafinesque) (27 cm) (Catostomidae, Cypriniformes) were collected from 
Lake Moultrie, South Carolina (33.31 eN, 79.96°W), and 3 specimens of 
Sciaenops ocellatus (Linnaeus) (70.5-114.5 cm) (Sciaenidae, Perciformes) 
from near shore off the Atlantic coast of South Carolina (32.26°N, 
80.24°W) by electrofishing in October 2009. The nematodes recovered 
were washed in physiological saline and then fixed in cold 4% 
formaldehyde solution. For LM examination, the nematodes were cleared 
with glycerine. Drawings were made with the aid of a Zeiss drawing 
attachment. Specimens used for SEM were postfixed in I % osmium 
tetroxide (in phosphate buffer), dehydrated through a graded acetone 
series, critical-point-dried and sputter-coated with gold; they were 
examined using a JEOL JSM-7401F scanning electron microscope at an 
accelerating voltage of 4 kV GB low. All measurements are in micrometers 
unless otherwise indicated. Type specimens of Rhabdochona ovifilamenta 
from the U.S. National Parasite Collection, Beltsville, Maryland, USA 
(Cat. No. 9074) and those of Rhabdochona milleri from the collection of 
the Institute of Parasitology, MacDonald College, McGill University, 
Montreal, Quebec, Canada were re-examined. The names of fishes follow 
FishBase (Froese and Pauly, 2010). 
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EMENDED DESCRIPTIONS 
Dichelyne fastigatus Chandler, 1935 
(Figs. 1, 2) 
General: Family Cucullanidae Cobbold, 1864. Body medium 
sized, cuticle thick, especially at cephalic region. Lateral alae 
absent. Oral opening dorsoventrally elongate, surrounded by 
narrow membranous ala (collarette) and numerous minute teeth. 
Four submedian cephalic papillae and pair of smaller lateral 
amphids present (Figs. lB, 2A-C). Esophagus relatively short, 
slender, expanded at anterior end to form large pseudo buccal 
capsule (esophastome) distinctly broader than posterior part of 
esophagus; latter slightly expanded (Fig. lA). Nerve ring encir-
cling esophagus somewhat anterior to middle of esophagus, at 38-
43% of its length. Esophagus opening into intestine through small 
valve. Intestine forming dorsal, anterior caecum initiating 
somewhat posterior to esophageal valve and extending anteriorly 
somewhat below level of nerve ring. Excretory pore some distance 
posterior to end of esophagus (Fig. lA). Deirids fairly broad, 
terminally pointed, located at level of end of esophagus or slightly 
anterior to it (Fig. lA); slightly posterior to esophagus end only in 
largest specimen. 
Male (2 specimens): Length of body 6.17-6.43 mm, maximum 
width 422-517. Maximum width of cuticle at esophageal region 
54-68. Length of entire esophagus 813-816, representing 13% of 
body length; esophastome 299-354 long, 150-177 wide; minimum 
width of esophagus 82-84, maximum width of posterior part of 
esophagus 136. Distance of nerve ring from anterior extremity 
340, representing 41--42% of esophageal length. Excretory pore 
and deirids 1.06-1.18 mm and 721-843, respectively, from 
anterior end of body. Length of intestinal caecum 381--422, width 
122-177. Ventral region of cloacal opening distinctly elevated 
(Figs. 1 G, 2F). Spicules narrow, 1.27-1.31 mm long, with nearly 
pointed distal ends (Fig. lC, D). Gubernaculum well sclerotized, 
V-shaped, narrow in lateral view, 165-174 long (Fig. lC, D, F). 
Precloacal sucker present at 1.01-1.13 mm from posterior 
extremity (Figs. lC, D, 2E). Caudal papillae: 6 pairs of preanal 
subventral, I pair of adanal lateral, and 4 pairs of postanal (3 
subventral and I dorsolateral) papillae present; pair of papilla-like 
phasmids situated laterally somewhat anterior to last 2 pairs of 
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FIGURE 1. Dichelyne fastigatus Chandler, 1935. (A) Anterior end, lateral view. (B) Cephalic end, apical view. (C-D) Posterior end of male, ventral 
and lateral views. (E) Deirid. (F-G) Tail of male, ventral and lateral views. (H-I) Tail of female, lateral and ventral views. (J) Egg. 
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FIGURE 2. Dichelynefastigatus Chandler, 1935, SEM micrographs. (A- C) Cephalic end, apical, ventral and lateral views, respectively. (D) Detail of 
peri buccal denticles, lateral view. (E) Posterior end of male, sublateral view (arrows indicate subventral genital papillae. (F) Tail of male, lateral view 
(arrows indicate subventral genital papillae). (G) Tail of female, lateral view. a = amphid; b = cephalic papilla; c = elevated cloacal region; d = adanal 
lateral papilla; p = phasmid; s = precloacal sucker. 
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postanal papillae (Figs. lC, D, F, G, 2E, F). Preanal papillae: first 
pair anterior to ventral sucker, second pair posterior to ventral 
sucker, third slightly posterior to mid-way between second pair of 
papillae and cloacal opening, and fourth, fifth, and sixth pairs 
near cloacal aperture. Postanal papillae: first pair of subventrals 
just posterior to cloacal opening, second pair of subventrals at 
mid-length of tail, and third pair of dorsolaterals and fourth pair 
of subventrals near end of tail. Ventral surface of body between 
approximately second and third pairs of preanal papillae with 
numerous oblique muscle bands (Fig. lC, D). Tail conical, 150-
165 long, ending in sharply pointed tip (Fig. IF, G). 
Female (2 specimens with fully developed eggs; measurements of 
1 additional specimen with immature eggs in parentheses): Length 
of body 6.07-9.47 (4.54) mm, maximum width 585-721 (422). 
Length of entire esophagus 802-938 (789), representing 10-13% 
(17%) of body length; esophastome 326--367 (313) long, 177-207 
(150) wide; minimum width of esophagus 90-120 (82), maximum 
width of posterior part of esophagus 136--190 (122). Distance of 
nerve ring from anterior extremity 340-354 (340), representing 
38-42% (43%) of esophageal length. Excretory pore and deirids 
1.09-1.59 (0.97) mm and 789-1,129 (639), respectively, from 
anterior end of body. Length of intestinal caecum 367-558 (435), 
width 204-231 (122). Tail conical, 153-218 (168) long, with pair of 
fairly large lateral phasmids situated near its mid-length 
(Figs. lH, I, 2G). Vulva postequatorial, 3.44-5.89 (2.90) mm 
from anterior extremity, at 57-62% (64) of body length. Vagina 
short, directed anteriorly from vulva. Uterus opposed. Mature 
eggs oval, thin-walled, with uncleaved content (Fig. 11); size of 
fully developed eggs 63-81 X 48--60 (-). 
Taxonomic summary 
Host: Red drum, Sciaenops ocellatus (Sciaenidae, Perciformes). 
Site of infection: Posterior part of intestine. 
Locality: 32.26°N, 80.24°W near shore, Atlantic coast of South 
Carolina (collected 14 October 2009). 
Prevalence and intensity: In 1 of 3 S ocellatus examined; 5 
specimens. 
Deposition of specimens: Helminthological Collection of the 
Institute of Parasitology, Biology Centre of the Academy of 
Sciences of the Czech Republic, Ceske Budejovice (Cat. No. N-
941). 
Remarks 
In having a well-developed intestinal caecum and a markedly 
thick cuticle, the specimens of the present material belong to 
Dichelyne Jagerskiold, 1902 of the Cucullanidae. This genus 
includes many species that are intestinal parasites of freshwater, 
brackish water, and marine fishes and chelonians (Ivashkin and 
Khromova, 1976; Anderson et aI., 2009). The general morphology 
of the present specimens, combined with their host and 
geographical distribution, indicate that they belong to Dichelyne 
fastigatus Chandler, 1935, a species inadequately described from 
S. ocellatus from Galveston Bay off the Texas coast (Chandler, 
1935). 
The original description of D. fastigatus was based on only 2 
available individuals, a male and a young female, and many 
taxonomically important features were not mentioned in it. As far 
as the present authors know, this species has not been recorded 
since it was first described. Chandler (1935) distinguished D. 
fastigatus from the very similar Dichelyne cotylophora (Ward and 
Magath, 1917) by a ventral sucker that is practically absent (but 
he mentions it is slightly outlined!), the spicules are somewhat 
longer, the arrangement of male caudal papillae is somewhat 
different, and the diameter of the body relative to the length is 
considerably greater. In contrast with data from Chandler (1935), 
the present study based on both LM and SEM examinations 
describes, for the first time in this species, the position of the 
excretory pore and deirids, the shape of deirids and the 
gubernaculum, the shape and size of eggs, and the presence of 
the ventral sucker and precloacal ventral oblique muscle bands. 
The number of pairs of genital papillae and phasmids was found 
to be 12 instead of 11 as reported by Chandler (1935), but his 
desription of postanal papillae is exact. 
As already mentioned by Chandler (1935), D. fastigatus is very 
similar to D. cotylophora (see above). The latter species was 
originally described by Ward and Magath (1917) as Dacnitoides 
cotylophora from the intestine of freshwater fishes Perea 
jlavescens (Mitchill) and Sander vitreus (Mitchill) (both Percidae) 
from Lake St. Clair, Michigan. However, later it was also 
reported from some fishes belonging to other families, including 
Sciaenidae (S ocellatus), in the United States and Canada (e.g., 
Van Cleave and Mueller, 1934; Baker, 1984; Hoffman, 1999). 
Baker (1984) redescribed this species from specimens collected 
from P. jlavescens in Quebec, Canada, examined by LM. Whereas 
Ward and Magath (1917) in the original description reported only 
4 pairs of postanal papille in D. cotylophora, Tornquist (1931) 
observed 6 pairs in this species. Six pairs of post anal papillae in D. 
cotylophora were also described by Van Cleave and Mueller 
(1932), who provided more detailed illustrations of the male 
caudal end. However, as is visible from their drawings, they 
counted phasmids as genital papillae. According to Baker (1984), 
D. cotylophora has 5 pairs of postanals and 1 pair of phasmids. In 
contrast, D. fastigatus has only 4 pairs of postanals and a pair of 
phasmids. Moreover, the lateral pair of papillae is the second 
postanal pair in D. cotylophora, whereas the same lateral pair is 
adanal, situated between the last pair of preanals and the first pair 
of postanals in D. fastigatus. Accordingly, both these species 
distinctly differ in the number and arrangement of postanal 
papillae and in the presence of a markedly elevated cloacal region 
in large specimens of D. fastigatus, which is not elevated in larger 
specimens of D. cotylophora. Tornquist (1931) described errone-
ously the excretory pore of D. cotylophora to be situated anterior 
to the nerve ring level, but, according to Baker (1984), it is located 
posterior to the esophagus in this species, as in D. fastigatus. 
In North America, Linton (1901, 1905, 1907) figured and 
inadequately described nematodes designated as Ascaris (?) sp. or 
Heterakis sp., found in the intestine of S ocellatus and 6 other fish 
species (see also Overstreet, 1983). Later, a new species, Dichelyne 
(reported as Cucullanus) lin toni, was established for all these 
forms by Barreto (1922). However, Chandler (1935), in view of 
the improbability of a single cucullanid species occurring in such a 
wide range of hosts (see also Tornquist, 1931), considered D. 
lintoni to probably represent several species. He, therefore, 
suggested either to take this name for a nomen nudum or to 
restrict D. lintoni to specimens from Lutjanus griseus (Linnaeus). 
He also remarked that the measurements given by Linton for the 
form from S. ocellatus correspond fairly well with those of D. 
fastigatus and that Linton might have described this species 
instead. Dichelyne lin toni was again reported as a valid species by 
Lawler (1978) from S. ocellatus in North Carolina and by 
Hoffman (1999) from several species of marine fishes. We believe 
that the records of D. lin toni from S. ocellatus were incorrect and 
that the species were, in fact, D. fastigatus. 
The only other published paper reporting a Dichelyne species 
from S. ocellatus in North America is that of Overstreet (1983). 
He collected his specimens in Mississippi and designated them 
only as Dichelyne sp. because these had a ventral sucker and an 
intestinal caecum allegedly located dorsally, laterally, or ventrally; 
nevertheless, the same specimens have been deposited as D. 
fastigatus in the H. W. Manter Laboratory Collection, University 
of Nebraska State Museum. 
Bharathalaksmi and Sudha (1999) redescribed Cucullanus 
fastigatus (Chander, 1935) (= D. fastigatus) on the basis of 
specimens from 3 fish species in India: Pomadasys maculatus 
(Bloch) (Haemulidae), Dendrophysa russellii (Cuvier) (Sciaeni-
dae), and Epinephelus undulosus (Quoy and Gaimard) (Serrani-
dae). However, the inadequate nematode description, hosts partly 
belonging to other families than the type host of D. fastigatus, and 
a very distant geographical region (India) indicate a probable 
misidentification of these nematodes. 
Rhabdochona (Rhabdochona) ovifilamenta Weller, 1938 
Syn.: Rhabdochona laurentiana Lyster, 1940; 
Rhabdochona milleri Choquette, 1951; Rhabdochona 
catostomi Kay ton, Kritsky, and Tobias, 1979 
(Figs. 3, 4) 
General: Family Rhabdochonidae Travassos, Artigas and 
Pereira, 1928. Medium-sized nematodes with transversely striated 
cuticle (Fig. 4D). Oral aperture hexagonal to oval, provided with 
4 submedian sublabia, and surrounded by 4 small submedian 
cephalic papillae and a pair of lateral amphids (Figs. 3C, 4A-C). 
Prostom funnel-shaped; small basal prostomal teeth visible in 
lateral view (Fig. 3B). Anterior margin of prostom armed 
internally with 14 small, forwardly directed teeth (3 dorsal, 3 
ventral, and 4 on each side forming pairs) (Figs. 3C, 4A-C). 
Vestibule rather long (Fig. 3A, B). Deirids small, bifurcate, 
situated near middle of vestibule (Figs. 3A-C, E, 4D). Tail of 
both sexes conical, with sharply pointed tip (Fig. 3J, K). 
Male (5 specimens): Length of body 3.54-4.96 mm, maximum 
width 82-109. Prostom 15-18 long and 12-15 wide in lateral view. 
Length of vestibule including prostom 78-90. Muscular esopha-
gus 132-210 long, maximum width 21-24; glandular esophagus 
1.16-1.84 mm long, maximum width 60-75; length ratio of both 
parts 1:8-10. Length of vestibule with prostom and entire 
esophagus forms 35-43% of body length. Nerve ring, excretory 
pore, and deirids 96-105, 147-210, and 42-60, respectively, from 
anterior extremity. Subventral preanal papillae occurred in 
following combinations: 6+7, 7+7, and 7+8; 1 pair of additional 
preanal papillae situated laterally between second and third 
subventral pairs (counting from cloacal opening). Of 6 postanal 
pairs of papillae, second pair lateral, remaining subventral 
(Fig. 3G). Longitudinal ventral cuticular ridges (area rugosa) 
not observed. Left spicule 288-333 long; its shaft 165-195 long, 
representing 55-59% of entire spicule length; distal tip of spicule 
slightly expanded, blunt (Fig. 3H). Right spicule 90-99 long, with 
distinct dorsal barb at distal tip. Length ratio of spicules 1:3.20-
3.36. Tail 168-233 long. 
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Female (5 gravid specimens): Length of body 7.02-11.74 mm, 
maximum width 136-177. Prostom 21-24 long and 18-21 wide in 
lateral view. Length of vestibule including prostom 99-102. 
Muscular esophagus 198-225 long, maximum width 27-30; 
glandular esophagus 1.39-1.73 mm, maximum width 90-108; 
length ratio of both parts 1:7-8. Length of vestibule with prostom 
and entire esophagus forms 17-24% of body length. Nerve ring, 
excretory pore, and deirids at 96-126, 147-183, and 51-54, 
respectively, from anterior extremity. Vulva near middle of body, 
3.92-5.67 mm from anterior extremity (at 48-56% of body 
length). Vagina directed posteriorly from vulva. Fully developed 
eggs (containing larva) oval, thick-walled, size 33-36 X 21. Each 
egg bearing small protuberance on either pole provided with 
broad filament of fibrous structure ca. 200-250 long (Fig. 3D, F). 
Tail 117-174 long (Fig. 31). 
Taxonomic summary 
Host: Shorthead redhorse, Moxostoma macrolepidotum (Cato-
stomidae, Cypriniformes). 
Site of infection: Intestine. 
Locality: Lake Moultrie (33.31°N, 79.96°W), South Carolina 
(collected 13 October 2009). 
Prevalence and intensity: In both 2 M macrolepidotum 
examined; 4 and 18 specimens. 
Deposition of specimens: Helminthological Collection of the 
Institute of Parasitology, Biology Centre of the Academy of 
Sciences of the Czech Republic, Ceske Budejovice (Cat. No. N-
955). 
Remarks 
To date, 11 species of Rhabdochona Railliet, 1916 that are 
considered valid have been reported from the United States and 
Canada (Moravec and Muzzall, 2007; Moravec, 2010). However, 
some taxonomically important characters remain inadequately 
described in some of them, which prevents evaluation of the 
actual systematic status of these species and their detailed 
comparison to related congeners. 
Nematodes of the present material were collected from the 
same host species as Rhabdochona milleri Choquette, 1951, 
described from Moxostoma macrolepidotum (Lesueur) (syn. 
Moxostoma aureolum) (Catostomidae) from Canada (Quebec) 
(Choquette, 1951). Later, Moravec and Arai (1971) redescribed R. 
milleri from specimens collected from the type host M macro-
lepidotum from the United States (Shenandoah River, Virginia) 
and from Moxostoma erythrurum (Rafinesque) from Canada 
(Lake Erie, Ontario). The worms described by Choquette (1951) 
were distinctly larger (males and females 13.4 and up to 17.9 mm 
long, respectively) than those reported by Moravec and Arai 
(1971), whose specimens were comparable with those of the 
present material. Although the left spicule of the only available 
male was reported by Choquette (1951) to be 598 long and its 
distal end as bifurcate (confirmed by Moravec and Arai, 1971), 
the same spicule in specimens collected later and studied by 
Moravec and Arai (1971) was shorter (402-456), with a blunt, 
non-bifurcated tip; a blunt tip of this spicule in R milleri was also 
illustrated by Mejia-Madrid et al. (2007), as in the present 
specimens. According to Moravec and Arai (1971), apparently the 
distal end of this spicule may be opened widely, so that its shape 
ranges from one appearing as blunt to one that is widely bifurcate. 
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FIGURE 3. Rhabdochona ovifilamenta Weller, 1938. (A) Anterior end, lateral view. (B-C) Cephalic end, lateral and apical views. (D) Mature egg with 
filaments. (E) Deirid. (F) Egg (larger magnification; only bases of filaments illustrated). (G) Posterior end of male, lateral view. (H) Distal tip of left 
spicule. (I) Tail of female, lateral view. (J-K) Tail tip of male and female, respectively. 
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FIGURE 4. Rhabdochona ovifilamenta Weller, 1938, SEM micrographs. (A- B) Cephalic end, apical view (two different specimens). (C) Same, 
sublateral view. (D) deirid. a = amphid; b = cephalic papilla; c = sublabium. 
As compared with the original description of R. milleri, the 
specimens of the present material are markedly smaller and the 
left spicule distinctly shorter. However, similar intraspecific 
differences in the body size and the length of the left spicule are 
known for some other congeneric species, for example, Rhabdo-
chona denudata (Dujardin, 1845) from European cyprinids 
(Moravec, 1994). 
Weller (1938) inadequately described Rhabdoehona ovifilamenta 
Weller, 1938, from Perea jlaveseens (Mitchill) (Percidae) in the 
United States (Michigan). Moravec and Arai (1971) re-studied its 
type specimens and found no substatial differences between them 
and the nematodes newly collected from Catostomus eommersonii 
(Lacepede) and Catostomus platyrhynehus (Cope) (Catostomidae) 
in Canada (Alberta), which they considered conspecific. Consid-
ering that R. ovifilamenta was recorded by Weller (1938) in only a 
single perch from 655 that he examined, they considered 
catostomids to be the true definitive hosts of R. ovifilamenta; P. 
jlavescens probably acquired the parasite while feeding on 
infected catostomids, serving thus as a post-cyclic host. Moravec 
and Arai (1971) also synonymized Rhabdoehona laurentiana 
Lyster, 1940, an inadequately described species from C. eommer-
sonii in Canada (Quebec) (Lyster, 1940), with R. ovifilamenta. 
Later, Kay ton et al. (1979) described another species of 
Rhabdoehona from catostomids, R. catostomi Kay ton, Kritsky, 
and Tobias, 1979, from Catostomus catostomus (Forster) from 
Canada (Alberta), and Catostomus ardens Jordan and Gilbert 
and Catostomus sp. from the United States (Colorado and 
Idaho, respectively). They distinguished it from R. ovifilamenta 
by longer egg filaments, somewhat longer spicules, and smaller 
deirids and less numerous (14) prostomal teeth in females, and 
from R. milleri by an alledged larger body and longer spicules 
(not correct; see Choquette, 1951) and the absence of basal teeth 
in the prostom. 
However, there is usually a high degree of intraspecific 
variability in the general appearance and length of egg filaments 
in Rhabdoehona spp. (see, e.g., R. milleri in Moravec and Arai, 
1971 or Rhabdoehona longleyi in Moravec and Huffman, 1988), so 
that this feature is not reliable for species distinction. The elevated 
deirids and 16 prostomal teeth recorded in R. ovifilamenta females 
from catostomids by Moravec and Arai (1971) were probably 
associated with the age of the nematodes; apparently, in older 
females, the deirids become more sizeable, and an additional 
dividing of 2 teeth in the prostom (I dorsal and I ventral) may 
occur (Moravec and Arai, 1971), as indicated by SEM (Fig. 4B). 
Only small deirids and 14 anterior teeth were observed in female 
type specimens of R. ovifilamenta and those of Rhabdochona sp. 
from C. eommersonii from Ontario, Canada, as studied by 
Moravec and Arai (1971). The basal teeth of the prostom may 
be only slightly outlined and indistinct in smaller specimens of R. 
ovifilamenta and R. milleri. 
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Now it is evident from the present data and those of previous 
authors that the differences among individual nominal Rhabdo-
chona spp. described from North American catostomids (and 
perch) can be considered to be within the intraspecific variability of 
a single species. Therefore, R. laurentiana, R mil/eri, and R. 
catostomi should be considered junior synonyms of R. ovifilamenta. 
ACKNOWLEDGMENTS 
The authors wish to thank the staff of the South Carolina Department 
of Natural Resources, in particular Erin Levesque of the Inshore Division 
of the Marine Resource Research Institute and Jarrett Gibbons at 
Bonneau, for their help in obtaining fishes. Thanks are also due to the 
staff of the Lab'!,ratory of Electron Microscopy, Institute of Parasitology, 
BC ASCR, in Ceske Budejovice for their technical assistance, and to 
Blanka Skorikova of the same Institute for the help with illustrations. This 
study was partly supported by the research projects of the Institute of 
Parasitology, ASCR (Z60220518 and LC522). 
LITERATURE CITED 
ANDERSON, R. c., A. G. CHABAUD, AND S. WILLMOTT. 2009. Keys to the 
nematode parasites of vertebrates. Archival volume. CAB Interna-
tional, Wallingford, United Kingdom, 463 p. 
BAKER, M. R. 1984. Redescription of Dichelyne (Cucullanellus) cotylo-
phora (Ward and Magath, 1917) (Nematoda: Cucullanidae) parasitic 
in freshwater fishes of eastern North America. Canadian Journal of 
Zoology 62: 2053-2061. 
BARRETO, A. L. de B. 1922. Revisao de familia Cucullanidae Barreto, 1916. 
Mem6rias do Instituto Oswaldo Cruz 14: 68-87, Pits. 33-46. 
BHARATHALAKSMI, B., AND M. SUDHA. 1999. Redescription of Cucullanus 
fastigatus (Chandler, 1935) Rasheed, 1968 from three new host fishes 
Pomadasys maculatus Bloch, Dendrophysa russelli Cuvier and 
Epinephelus undulosus Quoy and Gairmard from Visakhapatnam. 
Uttar Pradesh Journal of Zoology 19: 113-116. 
CHANDLER, A. C. 1935. Parasites of fishes in Galveston Bay. Proceedings 
of the United States National Museum 83: 123-157. 
CHOQUETTE, L. P. E. 1951. On the nematode genus Rhabdochona Railliet, 
1916 (Nematoda: Spiruroidea). Canadian Journal of Zoology 29: 1-
16. 
FROESE, R., AND D. PAULY. 2010. FishBase. World Wide Web electronic 
publication, version 2010 June. Available at www.fishbase.org. 
Accessed I August 2010. 
HOFFMAN, G. L. 1999. Parasites of North American freshwater fishes, 2nd 
ed. Cornell University Press, Ithaca, New York, 539 p. 
IVASHKIN, V. M., AND L. A. KHROMOVA. 1976. Cucullanata and 
Gnathostomatata of animals and man and the diseases caused by 
them. Essentials ofnematodology 27. Nauka, Moscow, Russia, 436 p. 
KAYTON, R. J., D. C. KRITSKY, AND R. C. TOBIAS. 1979. Rhabdochona 
catostomi sp. n. (Nematoda: Rhabdochonidae) from the intestine of 
Catostomus spp. (Catostomidae). Proceedings of the Helminthologi-
cal Society of Washington 46: 224--227. 
LAWLER, A. R. 1978. A partial checklist of actual and potential parasites 
of some South Carolina estuarine and marine fauna. In An annotated 
checklist of the biota of the coastal zone of South Carolina, R. G. 
Zingmark (ed.). University of South Carolina Press, Columbia, South 
Carolina, p. 309-337. 
LINTON, E. 1901. Parasites of fishes of the Woods Hole region. Bulletin of 
the United States Fish Commission 19: 405-492. 
---. 1905. Parasites of fishes of Beaufort, North Carolina. Bulletin of 
the United States Bureau of Fisheries 24: 321-428. 
---. 1907. Notes on parasites of Bermuda fishes. Proceedings of the 
United States National Museum 33: 85-126. 
LYSTER, L. L. 1940. Parasites of freshwater fish II. Parasitism of speckled 
and lake trout and the fish found associated with them in Lake 
Commandant, Que. Canadian Journal of Research, Sect. D 18: 66-
78. 
MEJiA-MADRID, H. H., A. CHOUDHURY, AND G. PEREZ-PONCE DE LEON. 
2007. Phylogeny and biogeography of Rhabdochona Railliet, 1916 
(Nematoda: Rhabdochonidae) species from the Americas. Systematic 
Parasitology 67: 1-18. 
MORAVEC, F. 1994. Parasitic nematodes of freshwater fishes of Europe. 
Academia, Prague, Czech Republic and Kluwer Academic Publishers, 
Dordrecht, Holland, 473 p. 
---. 2010. Some aspects of the taxonomy, biology, possible evolution 
and biogeography of nematodes of the spirurine genus Rhabdochona 
Railliet, 1916 (Rhabdochonidae, Thelazioidea). Acta Parasitologica 
55: 144--160. 
---, AND H. P. ARAI. 1971. The North and Central American species of 
Rhabdochona Railliet, 1916 (Nematoda: Rhabdochonidae) of fishes, 
including Rhabdochona canadensis sp. nov. Journal of the Fisheries 
Research Board of Canada 28: 1645-1662. 
---, AND D. G. HUFFMAN. 1988. Rhabdochona longleyi sp. n. 
(Nematoda: Rhabdochonidae) from blind catfishes, Trogloglanis 
pattersoni and Satan eurystomus (Ictaluridae) from the subterranean 
waters of Texas. Folia Parasitologica 35: 235-243. 
---, AND P. MUZZALL. 2007. Redescription of Rhabdochona cotti 
(Nematoda, Rhabdochonidae) from Cottus caeruleomentum (Tele-
ostei, Cottidae) in Maryland, USA, with remarks on the taxonomy of 
North American Rhabdochona spp. Acta Parasitologica 52: 51-57. 
OVERSTREET, R. M. 1983. Aspects of the biology of the red drum, 
Sciaenops ocellatus, in Mississippi. Gulf Research Reports, Supple-
ment 1, p. 45--68. 
TORNQUIST, N. 1931. Die Nematodenfamilien Cucullanidae und Camalla-
nidae nebst weiteren Beitragen zur Kenntnis der Anatomie und 
Histologie der Nematoden. Goteborgs Kungliga Vetenskaps- och 
Vitterhets-Samhalles Handlingar, Ser. B, 2: 1-441. 
VAN CLEAVE, H. J., AND J. F. MUELLER. 1932. Parasites of the Oneida Lake 
fishes. Part I. Descriptions of new genera and new species. Roosevelt 
Wild Life Annals 3: 9-71. 
---, AND ---. 1934. Parasites of Oneida Lake fishes. Part III. A 
biological and ecological survey of the worm parasites. Roosevelt 
Wild Life Annals 7: 161-373. 
WARD, H. B., AND T. B. MAGATH. 1917. Notes on some nematodes from 
fresh water fishes. Journal of Parasitology 3: 57-64. 
WELLER, T. H. 1938. Description of Rhabdochona ovifilamenta n. sp. 
(Nematoeda: Thelaziidae) with a note on the life history. Journal of 
Parasitology 24: 403-408. 
J. Parasitoi., 97(2), 2011, pp. 305-310 
© American Society of Parasitologists 2011 
COMPARISON OF THE ITS1 AND ITS2 RDNA IN EIMERIA CALLOSPERMOPHILI 
(APICOMPLEXA: EIMERIIDAE) FROM SCIURID RODENTS 
Dagmara Motriuk-Smith, R. Scott Seville*, Leah Quealy, and Clinton E. Oliver 
Department of Zoology and Physiology, University of Wyoming-Casper College Center, 125 College Drive, Casper, Wyoming 82601. 
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ABSTRACT: The taxonomy of the coccidia has historically been morphologically based. The purpose of this study was to establish if 
conspecificity of isolates of Eimeria callospermophili from 4 ground-dwelling squirrel hosts (Rodentia: Sciuridae) is supported by 
comparison of rDNA sequence data and to examine how this species relates to eimerian species from other sciurid hosts. Eimeria 
callospermophili was isolated from 4 wild-caught hosts, i.e., Urocitellus elegans, Cynomys leucurus, Marmotaflaviventris, and Cynomys 
ludovicianus. The ITSI and ITS2 genomic rDNA sequences were PCR generated, sequenced, and analyzed. The highest intraspecific 
pairwise distance values of 6.0% in ITSI and 7.1 % in ITS2 were observed in C. leucurus. Interspecific pairwise distance values >5% do 
not support E. callospermophili conspecificity. Generated E. callospermophili sequences were compared to Eimeria lancasterensis from 
Sciurus niger and Sciurus niger cinereus and to Eimeria ontarioensis from S. niger. A single, well-supported clade was formed by E. 
callospermophili amplicons in neighbor joining and maximum parsimony analyses. However, within the clade, there was little evidence 
of host or geographic structuring of the species. 
The taxonomy of Eimeria spp. (Apicomplexa: Eimeriidae) has 
traditionally been based on the morphology of the infective 
oocyst and the host range of the isolate under consideration. 
Unfortunately for eimerian species, the number of morpholog-
ical characteristics is limited, and determination of host ranges 
via experimental infections for species from wild hosts is rarely 
attempted. Captive rearing for many wild species is not possible, 
and determining infection history and immune status for wild-
caught subjects is similarly difficult. When attempted, results of 
cross-transmission experiments have often been equivocal (Todd 
et aI., 1968; Todd and Hammond, 1968a, 1968b). This has 
resulted in a taxonomy for the genus that is based on the 
morphospecies concept and with many untested assumptions 
regarding host specificity. Thus, morphologically similar species 
(cryptic species) may be identified as a single species when host 
specificity is assumed to be broad, or similar species are 
synonymized when host specificity is thought to be narrow. 
Recognizing this issue, Wilber et aI. (1998) reviewed all 
published descriptions for species reported from rodents in the 
sciurid Tribe Marmotini. Because numerous species had similar 
descriptions and prior studies indicated that eimerian host 
ranges in marmotine rodents are broader than previously 
recognized, they reduced the number of valid eimerian species 
from 40 to 26. 
The development and decreasing costs of molecular-based 
approaches have provided the opportunity for using molecular 
characteristics to delineate morphologically similar species, to 
synonymize morphologically variable species from related hosts, 
and for the development of rigorous phylogenetic hypotheses 
regarding eimerian evolutionary relationships. At the species 
level, a number of studies have focused on using the non-
conserved rDNA internal transcribed spacers (ITS) 1 and 2 as 
genetic characters that could resolve taxonomic difficulties and 
serve as species bar codes. Hnida and Duszynski (1999) compared 
ITS 1 sequences from morphologically similar eimerians from 
closely related murid rodents and proposed that similar species 
may be distinguished when maximum likelihood pairwise 
distances for ITSI are greater than 5% between isolates. However, 
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they emphasized that this "yardstick" needs further verification 
and should not be the only criterion for delineating morpholog-
ically similar species, but should be considered along with life 
history, ecological characteristics, and monophyly of the species 
under study. Eimeria callospermophili Henry, 1932 is a widely 
distributed species infecting a variety of ground-dwelling sciurids 
(Rodentia: Sciuridae) from Europe and in North America from 
Mexico to Alaska (Wilber et aI., 1998). To determine if 
conspecificity of the morphospecies E. callospermophili and the 
assumption of wide host specificity is supported with molecular 
characters, the ITS1, ITS2, and 5.8S rDNA sequences were 
amplified and sequenced. The sequences reported in this study 
were obtained from E. callospermophili from 4 host species 
including the Wyoming ground squirrel (Urocitellus elegans) , 
white-tailed prairie dog (Cynomys leucurus), black-tailed prairie 
dog (Cynomys ludovicianus), and yellow-bellied marmot (Mar-
mota jlaviventris) to examine sequence variation among these 
hosts over a limited geographic distribution. 
MATERIALS AND METHODS 
Sample collection and identification 
Fecal samples were collected from Wyoming ground squirrels and 
white-tailed prairie dogs (collected in Natrona Co., Wyoming), yellow-
bellied marmots (Teton Co., Wyoming), and black-tailed prairie dogs 
(Larimer Co., Colorado) during 2006-2008. Samples were preserved in 2% 
aqueous (w/v) K2Cr207, stored in Petri dishes, and allowed to sporulate at 
23-25 C for 14 days. A significant portion of each fecal sample was 
examined prior to DNA extraction. Images of E. callospermophili were 
captured at X 1,000 magnification, and standard morphologic parameters 
were identified, measured, and compared to published data. Samples 
containing oocysts of only E. callospermophili were selected and 
transferred to l5-ml conical tubes, washed with distilled water, and 
centrifuged at 850 g. This procedure was repeated 5 times. After washing, 
oocysts were suspended in 1.9 M sucrose solution and centrifuged again at 
850 g. The lids of the tubes were removed and 18 X 18-mm cover slides 
were placed on the top of the positive meniscus for 5 min. Cover slides 
with oocysts attached on the bottom were repeatedly rinsed with distilled 
water into a new, 50-ml conical tube until there were no oocysts present on 
the cover slide. Oocysts in distilled water were centrifuged at 850 g for 
5 min, and 2 ml of distilled water were removed carefully from the top of 
the tube so that the oocyst pellet on the bottom was not disturbed. This 
process was repeated until the volume of the sample was 1.5 ml. Samples 
were transferred to 1.6-ml tubes and centrifuged at 1,250 g for 5 min. One 
milliliter of the sample was carefully removed and the oocyst pellets on the 
bottom were gently suspended in the remaining 0.5 ml of distilled water 
from which 2 III were transferred to a slide and examined using a 
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TABLE I. Summary of E. callospermophili ITSI and ITS2 sequence types, names, analyses, and GenBank accession numbers from white-tailed prairie 
dogs (Cleu), black-tailed prairie dogs (Clud), yellow-bellied marmots (Mfla), and Wyoming ground squirrels (Uele). 
Sequence type Sequence name Size (in nucleotides) Identity (%) 
ITSI Cleu I-Cleu I 2 298-302 91.1 
ITS2 Cleul-Cleul2 616-633 87.7 
ITS I Cludl-Clud 9 296-298 93.6 
ITS2 Cludl-Clud 9 620-633 91.6 
ITS 1 Mflal-Mflal4 298 99.3 
ITS2 Mflal-Mflal4 617 100 
ITS I Uelel-Uele 11 298-301 94.0 
ITS2 Uelel-Uele 11 616-627 93.7 
microscope. Samples representing 10,000-20,000 E. callospermophili 
oocysts from the 4 hosts were selected for genomic DNA extraction. 
Genomic DNA isolation, peR, cloning, and sequencing 
Oocyst pellets were washed and centrifuged 4 times with high-salinity PBS. 
They were treated with 200 III of 6% NaCIO on ice for 30 min. The oocysts 
were rinsed with 1 m1 of sterile H20 and washed 3 times with high-salinity PBS 
(Zhao et aI., 2001). DNA was isolated using the DNeasy® Tissue kit (Qiagen, 
Germantown, Maryland) and precipitated using 3 M NaCH3COO and 95% 
C2H50H. The DNA pellet was re-suspended in 20 i!1 of sterile H20. Five 
microliters of DNA were used as a template in the PCR reaction. PCR 
amplification was carried out using Platinum® Taq DNA Polymerase 
(Invitrogen, Carlsbad, California). The final concentration of each of the 
PCR reaction components (total volume 20 i!1) was: 1 X PCR buffer, 0.2 mM 
each of the nucleotides, 1.5 mM MgCIz, 0.2 11M each of the primers, and 0.5 
unit of Taq. Each PCR reaction contained a negative control, which was 
lacking the genomic DNA, but included all other reaction components. 
Amplification conditions were: initial denaturation at 95 C for 10 min, 
repeated 35 cycles of denaturation at 95 C for I min, annealing at 50-59 C 
(depending on species) for 30 sec and extension at 72 C for I min 30 sec, and a 
fmal extension at 72 C for 7 min. The ITSI-ITS2 coccidian specific primers 
used were forward primer 5 '-GGATGCAAAAGTCGTAACACG-3 , and 
reverse primer 5' -TCCTCCGCTT AA T AA T ATGC-3' (Schwarz et aI., 2009). 
PCR products were visualized on 0.8% agarose gel, purified, and the 
amplicons were ligated into the pCR-XL-TOPO vector (Invitrogen). The 
ligation product was transformed into TOPIO electrocompetent cells 
(Invitrogen). Plasmid DNA was purified using the QIAprep Spin 
Miniprep Kit (Qiagen). The presence of inserts was verified by EcoRI 
restriction digest and gel electrophoresis. The final concentration of 
plasmid DNA was determined by UV spectroscopy. M13F and M13R 
primers were used in sequencing reactions using BigDye Terminator v3.l 
(Applied Biosystems, Foster City, California). Sequencing was carried out 
by the Nucleic Acid Exploration Facility at the University of Wyoming 
using the Applied Biosystems 3130xl genetic analyzer. Chromatograms 
were edited manually and contiguous sequences were created with 
ChromasPro v1.34 (Technelysium Pty. Ltd., Tewantin, Queensland, 
Australia, http://www.technelysium.com.aulChroIhasPro.html) and used 
in further analysis. Ambiguous sequences were eliminated from the study. 
Sequence analysis 
There were 36 sequences identified (GenBank HM241616-HM241651), 
i.e., 12 from white-tailed prairie dogs (amplicons Cleul-CleuI2), 9 from 
black-tailed prairie dogs (Cludl-Clud9), 4 from yellow-bellied marmots 
(Mflal-Mfla4), and 11 from Wyoming ground squirrels (Uelel-Uelell). 
Each sequence was divided into segments ITSI, 5.8S, or ITS2 rDNA 
region only. BLAST (Altschul et aI., 1990) searches of the individual 
segments were performed using a nucleotide blast program optimized for 
highly similar sequences. Sequences were imported to MEGA v4 (Tamura 
et aI., 2007) and aligned. Constant and variable sites were determined. 
Pairwise distances values were calculated using the maximum composite 
likelihood method. ITS 1 and ITS2 sequences from Eimeria ontarioensis 
(EU302682-EU302686) and Eimeria lancasterensis (EU302672-
EU302681) from fox squirrels (Sciurus niger) were included in the 
maximum parsimony (MP) and neighbor joining (NJ) analyses as well 
A+T Pairwise distance GenBank accession 
frequencies (%) values (%) numbers 
61.1-62.6 0.0-6.0 HM241636-HM24164 7 
58.7-59.8 0.0-7.1 HM241636-HM24164 7 
59.9-61.8 0.3-3.5 HM241616-HM241624 
59.1-60.5 0.8-4.1 HM24161 6-HM24 I 624 
60.0-60.7 0.0-0.7 HM241648-HM241651 
59.5 0.0 HM241648-HM241651 
60.5-62.1 0.0-3.8 HM241625-HM241635 
58.8-60.3 0.0-4.1 HM241625-HM241635 
as Eimeria tenella (AF446074.1, AM922247.1) and Eimeria necatrix 
(AF446068.l, AM922243.1) from chickens as outgroups. Sequence 
aligmnents were created using ClustalW (Thompson et al., 1994) with 
default settings. Duplicate sequences were eliminated. The aligmnents 
were examined by eye, obvious misalignments were manually adjusted, 
and sequences were truncated, if necessary, to improve the aligmnent 
appearance. Gap only sites were eliminated from the alignment. MEGA 
v4 (Tamura et al., 2007) was used to create the NJ and MP trees. The 
overall distance mean (d = 0.369) was computed using the maximum 
composite likelihood model (Nei and Kumar, 2000). NJ trees (Saitou and 
Nei, 1987; Tamura et aI., 2004) were created using the maximum 
composite likelihood method. A bootstrap test of phylogeny was 
computed based on 1,000 replicates (Felsenstein, 1985). The tree was 
rooted with E. tene/la and E. necatrix. MP analyses were performed using 
a close-neighbor-interchange method with the search level set to 3. The 
consensus tree was computed, bootstrapped with 1,000 replicates, and 
rooted with E. tene/la and E. necatrix sequences. The 5.8S rDNA 
sequences had insufficient variation for this analysis. 
RESULTS 
BLAST searches of 5.8S resulted in the best match to Eimeria 
papillata, E. iancasterensis, and E. ontarioensis, thus confirming 
the identity of the Eimeria genus. BLAST searches of ITS1 and 
ITS2 regions resulted in no significant homologies. ITS1 and ITS2 
E. callospermophili sequence diversities are summarized in 
Table I. ITS1 sequence size ranged from 296 to 302 nucleotides 
in C1ud2 and C1eu12, respectively. Sequence identity within an 
individual host infection ranged from a low of 91.1 % in C1eu to a 
high of 99.3% in Mfla. A and T nucleotides were predominant in 
each sequence with the highest average (61.6%) in C1eu. ITS1 
pairwise distance values within a single host infection were the 
highest in C1eu with a high of 6.0% between C1eu4 and C1eu12. 
Three pairs of identical ITS! sequences were identified, i.e., C1eu1 
and Cleu8, Mfla3 and Mfla4, and Ue1e5 and Ue1e7. ITS 1 
comparison of sequences from separate infections showed that 
C1eu1, C1eu8, and Ue1e4 also shared 100% identity. The highest 
maximum likelihood pairwise distance (8.3%) was between C1ud6 
and UelelO. The alignment of all ITS1 sequences was 304 
nucleotides long and showed 81 % identity. There were 58 variable 
sites noted with 26 positions designated as singletons (Fig. 1). The 
NJ analysis for ITS1 placed all E. callospermophili sequences in a 
monophyletic branch with 100% bootstrap support. Within the 
group, all Mfla sequences formed a distinct clade with 62% 
bootstrap support. Likewise, C1eu2 and C1eu12 formed a single 
clade with 73% support. The NJ analysis was not able to resolve 
relationships among other E. callospermophili ITS! sequences 
and, in particular, C1eu and Ue1e sequences were scattered 
throughout the phylogeny. A second branch was comprised 
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111111 1111111111 1111122222 2222222222 22222333 
222234455 5778001111 2223456778 8899901223 3334445566 77789000 
8036783967 8094272569 2680272581 5916745592 3463453916 12621014 
Cleul CCAAGTATCA AGGGCCGTAT CTACTCCTAT ACTACT-AGA CTTCTTCTTA AGCGACCA 
Cleu2 G .. A .. T.e ..... T .... G .. T.e .. - .. T A .. G .... G. GA .. 
Cleu3 .. A.. .T .. T.C .. T A .. G .. G ...... ,C .. . 
Cleu4 ...... C .... A... .C ... T.. . .G.C.T. G .. G.. . .... AT. 
Cleu5 
Cleu6 
Cleu7 
CleuB 
.. T •. 
· .A ..... . ..... CGT. G .. G .. 
...... C.T. G .. G .. 
. .... AT. 
. .. AT. 
Cleu9 .. G.. .G. . ... G.C .. T A .. G .. . .T .. AT. 
CleulO 
Cleull 
Cleu12 
Cludl G .. 
CludZ G 
Clud3 G 
Clud4 G 
Clud5 G. 
Clud6 G .. 
....•. C ... A .. G .. 
.... G.C ... A. 
· .A .. T,C.. .T .... G .. T.C .. - .. T A .G .... G. GA 
· .A .. T.CC ... GT .... G .. T .... - ... A .GC ... G. G-.C .. 
· .A .. T.CC. A .. T .... G .. T .... - .. G A .GC ... G. G-.CC ... 
· .A .. T.CC .... T .... G .. T. . A.CGC ... G. G-.C ... 
· .A .. T.CC .... T .... G .. T. .. A .. GC ... G. G-.C .. 
· .A .. T.CC .... T..... .T .... - .. G A .. GC ... G. G-.A .. G 
· .A .. T.CC .... TG .. G .. T .•. C- .. G A .. GC .. CG. G-.A .. 
Clud7 G ... CG.. . .A .. T.C.. .T .... G .. T. AC.G .... G. G-.C 
Clud8 G.. . .G ... M.T.CC. . .T .... G .. T. .. A .. GC ... G. G-.C .. 
Clud9 G ...... G ... A .. T.AC .... T... .T. .. A .. G .. GG. G-.C 
Mflal ....... C.. . .. C ...... GC .. 
Mfla2 .T ..... C .. 
Mfla3 ..... C .. 
Mfla4 ..... C .. 
Uelel ... T. 
Uele2 
Uele3 
Uele4 
Uele5 ... T. 
Uele6 
Uele7 ... T. 
.A 
... C. . .G .. 
.C ...•.. G •. 
. ..... C ..... G .•. 
.C 
..... T. 
.• C .• 
.... G.- .. 
.• A .. C .. A 
. ... G.T .. A ... G 
. .A ••. C .. A ••.•. 
Uele8 ... T .. . .C .. A .•. C ... A .• G •. 
Uele9 .... G ..... . 
UelelO ...... A .. C ... G ... G.T ... A ... C ... G . 
Uelell ... TA. . ... C.T. A .. G ..•... 
FIGURE 1. Alignment of the variable sites of the ITSI sequences 
derived from E. callospermophili. Identical sequences are indicated with a 
"." and gaps with a "-". The numbers above each of the columns represent 
the position of a given nucleotide; the star symbols above indicate that this 
column is a singleton. 
entirely of tree squirrel sequences with E. ontarioensis and E. 
lancasterensis forming weakly supported sister groups (Fig. 2). 
ITS2 sequence sizes varied from 616 nucleotides in Cleul, 
CleuS, and Uele to 633 in Cleul2 and Clud9. Sequence identity 
within an individual infection ranged from S7.7% in Cleu to 100% 
in Mfla. A and T frequencies varied from a low of 59.3% in Uele 
to a high of 61.6% in Cleu (Table I). ITS2 sequences designated as 
Cleu5 and CleuS, as well as Uele3 and Uele4, had pairwise 
distance values equal to O. All 4 Mfla ITS2 sequences also had 
distance values equal to o. The highest value for ITS2 pairwise 
distances within an individual host was 7.l % between Cleul and 
Cleul2. The highest pairwise distance value overall (S.l %) was 
between Cludl and Uele9. Overall, the ITS2 alignment for all 
sequences was 669 nucleotides with 79% identity. There were 137 
variable sites and 54 singletons (Fig. 3). MP analysis of ITS2 
sequences resulted in a monophyletic clade comprised of all E. 
callospermophili sequences from rodents with 99% bootstrap 
support. Within this clade, all Clud sequences formed a single 
lineage with SS% bootstrap support, while other ITS2 sequences 
from other hosts were not well resolved. Eimeria ontarioensis ITS2 
sequences formed a sister group to E. callospermophili and E. 
lancasterensis formed a monophyletic clade with 99% bootstrap 
support (Fig. 4). The alignment of all 5.SS sequences from all 
hosts resulted in 157 nucleotides with only 7 variable sites and 6 
singletons. 
DISCUSSION 
The rapidly evolving ITS 1 variable region has been used in 
numerous studies of coccidian parasites (Marsh et aI., 1999; 
Slapeta et aI., 2002; Gondim et aI., 2004; Sreekumar et aI., 2004) 
to serve as a molecular marker to distinguish closely related 
species and strains. Intraspecific variation was not detected in 
different isolates of Toxoplasma gondii (Homan et aI., 1997), 
Cleul 
Cieu5 
Uele2 
Uele9 
Uele4 
MOO 
Mfla! 
6 Mfla3 
Uele6 
Uele3 
Cleull 
UelelO t>1 
Uelel 
" Uelell '" 
Uele5 ~ ;>;l 
Uele8 t 0 0.-
CleulO ~ (1) 
Cleu9 ;; ~ 
Cleu? .g ~ 5 1- Cleu4 ;:,-
Cleu6 E-: e; 
100 Cleu3 S 
7 Cleu2 ~ 
Oeu12 2: 
Clud? >-l 
Clud5 ::l. 
Clud8 cr 
Clud9 ~ 
100 Clud2 
Clud3 t>1 
Clud! 0 
Clud4 ;:; 
Clud6 lS' 
80 OntWY3 ... (S. 
100 OntWY5 
'" ~ IOntWYI ;:; >-l " "" t;;. (1) (1) on 
.0 
t>1 " 
l'l 
~.
(1) 
;:; i;;" 
" 
'" " 
Eten &' 
'" Enec i;l 
t;;. 
f------< 
0.1 
FIGURE 2. Phylogenetic tree generated using neighbor joining method 
from the ITSI nucleotide alignment from E. lancasterensis and E. 
ontarioensis from fox squirrels and E. callospermophili from marmotine 
(ground) squirrels. The evolutionary distances were computed using the 
maximum composite likelihood method. Bootstrap test of phylogeny was 
performed using 1,000 replicates. Only values 2:50% are shown. The tree 
was rooted with the E. tenella and E. necatrix sequences. 
Besnoitia spp. found in cattle, wildebeests, and goats (Ellis et aI., 
2000), or in Isospora spp. infecting camels in Kenya and Dubai 
(Bornstein et aI., 200S). In contrast, Eimeria spp. parasitizing 
chickens were shown to possess sufficient variability within the 
ITS 1 and ITS2 regions to construct phylogenies separating species 
and strains, although high sequence variation within species and 
strains was reported. Eimeria maxima ITSI and ITS2 were found 
to possess long and short variants, and phylogenetic analyses 
showed that each of the variants formed a distinct clade (Barta et 
aI., 1995; Lew et aI., 2003; Cantacessi et aI., 200S; Schwarz et aI., 
2009). Results of comparisons of the ITSI and ITS2 rDNA 
sequences presented here suggest that isolates of the morphospe-
cies E. callospermophili from a variety of ground-dwelling sciurid 
hosts form a distinct clade separate from isolates of E. 
lancasterensis and E. ontarioensis from fox squirrels. However, 
within the ground-dwelling sciurid host clade, MP and NJ 
analyses were unable to resolve isolates based on host species, 
except for the ITS2 sequence that resolved isolates from black-
tailed prairie dogs collected in northern Colorado. 
Previous studies (Motriuk-Smith et aI., 2009) have supported 
the hypothesis proposed by Hnida and Duszynski (1999) that 
pairwise distance values for ITSI sequences less than, or equal to, 
5% support con specificity of similar morpho types from closely 
related hosts, and values greater than 5% may be used to resolve 
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Cleul ATT-T'l'AAA'l' AAQAT-ATAT AACAGA-GCT TTGCTAGCAG TCG---TAAG CAGAAACCCA TAA'I'GAGCTT TAGGAACTAG AT-CATA-TC CACTTA-TCG CGACG-GTGG GACGCCTTGT CTGCCCAAAA ACAATTT 
Cleu2 •.• 'I'AA ... G C .... A.G .. G,T •.. A .. A G .. T ... --C GA..eTC •••• '1' ••••••••• C.C.- .• AA •• CA •••. A ... GCAT .. - .. GGT .. GG.T. T.-.-A .....•. TTG.--C .• TG.T ••....... AC 
Cleu3 •. C- ••......... A ..... '1' ••.. - ...... '1' ... --C GA.CTC •• G. G .••••.••. C ••. - .•.• G •.••••.• TC .• CAT-.- .... '1' .. 00.'1'. TA- .. - ...•.•.•. G •. A ... TGTT .......•. A. 
Cleu4 ..... A ...•.....• G •.•.•. T .•• AGe GA..CTC .. G .•.••.•.••. C ... - ..........•.• TC GCCAT .• -.- G.T ... G.T. '1'.- .• - ••..... T.G •• A ... TGTT ••.••. G •. A. 
ClauS ..•.. A.... • •. '1' .••••..•• --- ....•.••••.•.................•.•.•.• - ••.• - •••.••.. - ... '1' ••.• - •... 
Cleu6 .••.• A ••.••.••.. G ...... T ... AGe GA..CTC ••••.......... C •• GT .•.•••.••.... TC GCCAT .. -.- G.T •.• G.T. '1'.- .• - ••••••. T.G .• A •.. TGTT ...... G •. A. 
Cleu7 ..... A- .... '1' .•.. -.'1' .••• '1' ••• --C GA..CTC .•••.•.••. '1' .•• CG .. -.A ....•.••••. TC .CCAT •. - •... '1' ... G.T. '1'.- .. - ......•.•.• C ..•. TG.T .•••••.•• A. 
ClauS •.• '1' ••••.•••. --- ..••.••••.•.•••............••••.•••. - •.•. - .•.•.... - .•• '1' •.•. - ••.. 
ClauS! ... -AA.G .•••.•. '1' •.•.. T.C •. - .•.•. AT .•• --C GA..CTC.OO. G .....•.•. C ••• - •••••..•..... TC .CCAT •. -.'1' G.T .•. G.T. '1'.- •. - ••••••• T.G •. A ... TGTTG •.•.•... A • 
Cleul0 ••• - •.....• '1' .•. - •.•. . .. T .... GA. A.A-TT ..•............•••.••••• • . - .... - .... '1' ••. - ••. '1' .... - ..•••••.•.•..• G.TGT •.•••.•.•• A. 
Cleull ... -...... . .••.. -.'1' .•.• '1' ••.•.•••. --- ..••.••••.• '1' •••..... A... • .- •.•. - ••.. '1' .. -- ..• '1' •••. - •..........• A .... G ........... A. 
Clau12 ... TAA ••. G C •.•. A.G •. G.T .•. A .• A G.AT ••. --C GA.CTeC ... '1' ••••••••• C.C.- •• AA .. CAA ... A ... GCAT •. - •• 00'1' •• 00.'1'. T.-.-G ••••••• TTG.--C •. TG.T .••• .•... At; 
Cludl TC.TAA ... G ••. G.TC.CA C.T .•. G .• A •. AT ... --C GA..CCC .... '1''1' ...... '1'. C •.• - •• AA •. CA •..•...• CCATA.- .. G.T.C.G.T. ---TAG .••••• TT.G.--G .CTGTT .• OO ••.•• AC 
Clud2 TC.TAA .•. G ... G.TC.C. C.T ... A .. A .. AT ... --C GA..CCC ..•. '1''1' ••..•••• C ... - .. AA .. CA .•.••••• CCATA.- •• 00'1' ... G.T. T.-TAG •.•..• TT.G.--G .CTGTT .. GG ..... AC 
Clud3 TC.-AA ••. G •.... AC.C. C.T ... A .. A .. AT ... --C GA..CTC ..•. T.A ••.•••• C ... - .. AA .. CA ...••••• CCATA.A •. G.T ... G.T. ---TAG •••• A.TT.G.--G .CTGTT .. oo ..... AC 
Clud4 TC.TAA ... G ... G.T .. C. C.T .. CA .. A .. AT ... --C ... CTC .... '1' ......... C ... -G.GA. •• CA ........ CCATA.T .. G.T ... G.TA T.-.AG ...... TT.G.--G .CTGTT .... T .. C.AC 
CludS TC.TAA ... G ... G.T •• C. C.T •.• A •. A .• AT ••• --C ... CTC •••• T ........ G C ••• - .• AA •• CA .••..... CCATA.A .. GGT ... G.T. T.-TAG ....•. TT.G.--G .CTGTT •. oo •••.• AC 
Clud6 TC.TAA ... G ... G.T .. C. C.T .. TA .. A .. AT ... --C .A.CTC .... '1' ... G ..... C ... - .. AAC .CA ........ CCATA.- .. G.A .. GT.T. T.-.AG .. T •• G.T.G.--C .. TGTT ........ CAe 
Clud7 .C.TAA ..• G •.• G.TT.C. C.T.A.A •• A .• AT.G.--C .A.CTC .... T .• G .•.••. C ... - .. AA .. CA ..•.•.•. GCAT •• - •• G.T •• 00.'1'. T.GTAG.C •••.. T.G.--G .CTGTT .. GG ..... AC 
CludS TC.TAA •.• G •.• G.TC.CA C.T ..• A •. A .• AT •.• --C GA.CCC .... '1''1' ...... '1'. C ••. - .. AA .. CA ......•. CCATAG- .. G.T •.• G.T- ---.AG ...... TT.G.--G .CTGTT •. oo ..... AC 
CludS! TC.AAA ... G ... G.T .. C. C.T .. TA .. A .. AT .. A--C ... CTC .... '1' ......... C ... -G.AA •• CA ........ CCATA.T .. G.A ... '1'.'1'. T.-.AG ...... TT.G.--G .CTGTT ... G ..... AC 
Mflal .•. - ••.. G .•.... A- ••......• G •••... T ... AGe GA.CTC ....•.••.•.••. C ... - .........••.• rc .CCAT .• -A- G.T •.• G.T. '1'.- .. - ... . . '1'.'1' . • A. • TGTT . .A . 
Mfla2 .•. - ••.. G ••.••. A- ••.••...• G ••..•. T •.• AGe GA..CTC .............. C ... - •...........• TC .CCAT .. -A- G.T ..• G.T. '1'.- .. - •... • '1'.'1'. • A • .TGTT. .A . 
Mfla3 ... - ..•. G ...... A- .•.••.•.. G ...... T ... AGe GA..CTC •••••.••.•••.. C ••. - .•••••.••••.. TC .CCAT .• -A- G.T •.• G.T. '1'.- •• - •••• • '1'.'1' • . A. .TGTT • .A • 
Mfla4 .•• - ••.. G ...... A- .......•• G ••.... T ... AGe GA.CTC ••.••.••.•.••. C ... - ...•••.••••.• TC .CCAT .• -A- G.T •.• G.T. '1'.- .. - ... . . '1'.'1' . • A. . TGTT . • A . 
.• . '1' •.•.•.••• GTC .... 
... '1' ......... --- •••• 
.•.•• A •.•• •.• '1' ......... --- •.•• 
• •• '1' ••••••••• --- ..•• 
...... - ..• '1' •..• -A ... 
•.•.• • - •.• '1' •••• - •.•. 
. •.•.••.•... - •••. - .•••.••• - .•. '1' .... - .... 
•••••••••••• - •••• - •••••••• - ••• '1' •••• - •••• 
.A . 
. A . .TGTT • .A. 
Uelel 
Uele2 
Uele3 
Uala4 
UeleS 
Uele6 
Uela7 
UeleS 
UeleS! 
•• A •• - •••• 
.... . A- ... 
•• A •• - •••• 
.. . TC ... GA G.A-TC •. G ........ '1' .. C •.•.•.•.•..........•. - •••. - .•.. '1' ... G ..• '1' .••. - .•.•.•.•.•. C •••. CGTT ••....... A. 
•.• '1' •....••.. GTC •.•. .. ...... TC .CCAT .. -.T A.T ... G.T. '1'.- .. - ....... T.G .. A ... TGTTG .... A ... A . 
• .• T ••.• GA G.A-TC .. G ........ '1' .. C •.•.•.•............•• G.C •. - .... '1' ... G ..• '1' .••• - .•.•.•.... CC •••. CGTT •..•..... A. 
. .. T .... GA. G.A-TC •.• T ....... '1' .. C •.•.•••••..... G ....•. - •••• - .•.. '1' ... G ..• '1' .••. - .•.•.••••.. C •••. CGTT.G .••.... A. 
.••.• A ••.• •• • '1' ••••••••• --- ••••••••• G •••••..........•.••••.••.. - .... - .•.•.••. - .•. '1' .... - ...• ••••• A . 
Ualal0 ... - ...•••.••. C- •... • •• '1' ••••••••• GTe ..............•.................• C .. - .... - .... '1' ... G ... '1' .... - ........... C •••• CGTT •........ A. 
Uelell ••• -AACG ...•..• A ••.••. '1' ... -AT .. CAT ... --C GA.. GTe •... '1' •........ C •.• - ••••• C .•. G.T.TC .CCAT •. -.'1' .. TC.GGCT. T.G •. - .•. A .•• T.G •. A .•. TGTT ••.••.••. A. 
FIGURE 3. Alignment of the variable sites of the ITS2 sequences derived from E. cal/ospermophili. Identical sequences are indicated with a "." and 
gaps with a "-". The numbers above each of the columns represent the position of a given nucleotide; the star symbols above indicate that this column is 
a singleton. 
separate species. In general, our results do not support the 5% 
criterion. For E. callospermophili from marmotine rodents across 
a limited geographic range, there is considerable variation in ITSI 
and ITS2 sequences, both within isolates from a single infected 
host and among isolates from different hosts of different species 
and geographic locations. We observed pairwise distance values 
greater that 5% for both ITSI and ITS2 sequences from E. 
callospermophili clones from infections within a single host and 
values as high as 8.3% between isolates from a black-tailed prairie 
dog and a Wyoming ground squirrel. Results suggest some 
geographic structuring of the isolates south to north and provide 
limited support for the recognition of the morphotype from black-
tailed prairie dogs from northern Colorado as a sub- or distinct 
species. This isolate formed fairly distinct clades for both ITSI 
and ITS2 and, considering the Hnida and Duszynski (1999) 
criterion, the pairwise distance values were less than 5% for ITSI 
only when compared to Cleu2, CleulO, and Cleu12 and for ITS2 
only with Cleu2. However, given the questionability of the 5% 
guideline, specific recognition is not justified until additional 
molecular markers provide support. 
The observation of marked molecular sequence variation for 
clones from single infections does raise several important issues. 
Previous studies of eimerian ITS genetic sequence data from wild 
hosts typically report a single sequence for each eimerian 
morphotype, from each host, and do not report variation among 
clones from individual hosts. Hnida and Duszynski (1999) 
reported single ITSI sequences from multiple species or isolates 
of Eimeria. If these authors sequenced multiple clones from single 
isolates following standard practice, they did not report it and, 
thus, there is no discussion of how much, if any, variation was 
observed. While a small portion of the variation we observed is 
likely attributable to amplification errors (Arezi et aI., 2003), there 
must be other sources. One plausible source of sequence variation 
would be that host infections are the result of ingestion of more 
than 1, and possibly many, oocysts. Many marmotine rodent 
species, including Wyoming ground squirrels and black- and 
white-tailed prairie dogs, live in high-density populations and, 
often, the different host species overlap in distribution. In 
addition, E. callospermophili typically occurs at high prevalence 
in these host populations. Seville (1997) reported that 71% of 
white-tailed (n = 61) and 64% of black-tailed prairie dogs (n = 
39) in central Wyoming were infected with this species, and Shults 
et al. (1990) found infection in 52% of Wyoming ground squirrels 
(n = 69) in southeast Wyoming. Thus, there are likely numerous 
oocysts in the environment, particularly in the shaded and damp 
burrows ideal for oocyst survival, in which hosts can ingest 
multiple oocysts with variable molecular markers, causing 
increased genetic heterogeneity. Second, ribosomal rDNA genes 
in the Apicomplexa do not always form typical tandem arrays of 
repeats. Le Blancq et al. (1997) found that Cryptosporidium spp. 
rDNA units are dispersed on 3 chromosomes and 2 distinct types 
of rDNA units, each with noticeable differences in ITS regions. 
Wellems et al. (1987) and Li et al. (1994) reported that 
Plasmodium species contain 4-7 rDNA genes, dispersed on 
different chromosomes; each gene has a unique structure and 
their expression varies during different life cycle stages. Thus, the 
observed ITS variation could be due to amplification of different 
copies of rDNA genes. Even though we observed relatively high 
ITS sequence diversity among E. callospermophili isolates, it is 
important to mention that ITSI sequences showed remarkable 
similarity between 2 clones from Wyoming ground squirrels and 1 
from white-tailed prairie dogs, and intraspecific identity was 
observed among all 4 ITS2 sequences from the yellow-bellied 
marmot. 
Results of the present study, and others, question the utility of 
the ITSI and ITS2 sequences for taxonomic analyses and for 
differentiating morphologically similar eimerian species from 
some host groups. Our results indicate that, for eimerians from 
ground-dwelling sciurids, these markers should be used with 
caution and suggest that additional markers for distinguishing 
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FIGURE 4. Maximum parsimony bootstrap consensus tree based on the 
ITS2 nucleotide alignment from E. lancasterensis and E. ontarioensis from 
fox squirrels and E. caUospermophili from marmotine (ground) squirrels. 
The tree was computed using the close-neighbor-interchange algorithm. 
Bootstrap test of phylogeny was performed using 1,000 replicates. Only 
values 2:50% are shown. E. tenella and E. necatrix sequences were used as 
an outgroup. 
Eimeria species should be identified and utilized (Hnida and 
Duszynski, 1999; Barta, 2001; Tenter et aI., 2002). We also concur 
with Hnida and Duszynski (1999) that the use of genetic distances 
to discriminate among species with structurally similar oocysts 
should also include consideration ofmonophyly, as well as the life 
history and ecology, of hosts and parasites. Further research 
reporting sequence data from eimerians from other host groups 
should provide data on amplicon sequence variation within, and 
between, isolates from hosts from which oocysts are obtained. 
This will allow those studying eimerians to identify more generally 
suitable sequence targets for future studies of taxonomy and 
systematics of these parasites in wild hosts. 
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A NEW SPECIES OF PHARYNGODONIDAE (NEMATODA) OF TROPIDURUS TORQUATUS 
(SQUAMATA: TROPIDURIDAE) FROM BRAZIL 
Felipe B. Pereira, Bernadete M. Sousa*, and Sueli de Souza Limat 
Programa de P6s-GraduagB.o em Comportamento e Biologia Animal, Instituto de Ciencias Biol6gicas, Universidade Federal de Juiz de Fora-UFJF, 
CEP 36036-900, Juiz de Fora, MG, Brazil. e-mail: felipebisaggiop@hotmail.com 
ABSTRACT: Parapharyngodon bainae n, sp, (Nematoda: Pharyngodonidae) collected from the small intestine of Tropidurus torquatus 
(Squamata: Tropiduridae) is described, The new species is the 47th species in the genus and the 14th in the Neotropical region. The 
morphology of male posterior end, ovary position in females, and egg size can be used to differentiate P. bainae from the other 
congeneric species. Parapharyngodon rotundatus, Parapharyngodon sanisfaciecaudus, and Parapharyngodon riojensis are most closely 
related to P. bainae. In males of P. sanisfaciecaudus and P. rotundatus, the cloacal lip has a smooth appearance, whereas in P. bainae, 
males have an echinate c\oacallip, Parapharyngodon riojensis differs from P. bainae because its females have post bulbar ovaries, the 
eggs are larger, and the esophagi are larger in both sexes, Parapharyngodon spp, nematodes occupy an intermediate phylogenetic 
position among pharyngodonid parasite lineages in carnivorous and herbivorous reptiles, The average low intensity of infection for P. 
bainae (4.8 ± 4.6) is typically found in carnivorous reptiles, This fact and the high prevalence value (60%) can be explained by the 
ingestion of environmental substrata material containing parasite eggs while foraging, 
Parapharyngodon (Nematoda: Pharyngodonidae) was proposed 
by Chatterji (1933), with Parapharyngodon maplestoni being type 
species and main diagnostic character the lateral expansions of 
male cuticle forming lateral alae, This proposition was contro-
versial because of the similarities between Parapharyngodon and 
Thelandros Wedl, 1862 (Nematoda: Pharyngodonidae), Chabaud 
and Golvan (1957), e,g" affirm that lateral alae in males of 
Parapharyngodon may not be present, depending on the sample 
analyzed, Many other authors consider Parapharyngodon and 
Thelandros as synonyms (Baylis, 1936; Karve, 1938; Garcia-
Calvente, 1948; Chabaud, 1965; Petter and Quentin, 1976; Vicente 
et aI., 1993), However, many authors also consider Parapharyn-
godon as a valid genus (Freitas, 1957; Sharpilo, 1976; Adamson, 
1981; Baker, 1987; Castano-Fernandes et aI., 1987; Hering-
Hagenbeck et aI., 2002; Ramallo et aI., 2002; Bursey and 
Goldberg, 2005; Bursey et aI., 2007), 
Parapharyngodon and Thelandros can be differentiated based 
on egg development during posture and posterior end morphol-
ogy in both sexes (Bursey and Goldberg, 2005), Parapharyngodon 
spp. males do not have a conical-shaped genital area, or an 
accessory piece. They have mammilliform papillae surrounding 
the anus and dorsal subterminal tail. Males of Thelandros spp. 
have a conical-shaped genital area with papillae disposed outside 
this cone. Some species have an accessory piece and a terminal 
and posterior tail (Ramallo et aI., 2002; Bursey and Goldberg, 
2005), Females of Parapharyngodon spp. generally have a cone-
shaped tail with a thick pointed end, like a spike, eggs with a 
subterminal operculum that are uncleaved, or in early stages of 
cleavage when released. In contrast, Thelandros spp, females have 
diverse tail morphology, eggs with terminal operculum, and 
larvae that are fully developed when they are released (Bursey and 
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Goldberg, 1999; Ramallo et aI., 2002; Bursey and Goldberg, 
2005). 
The present study describes a newParapharyngodon species 
from the Neotropical region, This parasite infects a small lizard, 
Tropidurus torquatus (Wied, 1820), the males of which show 
territorialism and are larger than the females (Pinto et aI., 2005; 
Van Sluys et aI., 2010), They are ambush predators, with great 
flexibility in feeding habits, and their diet is mainly composed of 
arthropods and some plant matter (Rocha and Bergallo, 1994). 
Tropidurus torquatus occurs from southeastern Brazil to northern 
Argentina (Rodrigues, 1987). 
MATERIALS AND METHODS 
A sample of 11 0 T. torquatus was collected with the use of loops and 
glue traps, from August 2005 to July 2007, in a rocky outcrop area located 
in Toledos, Juiz de Fora city, State of Minas Gerais, southeastern Brazil. 
The area is characterized by rocky soils, shrubby vegetation, and seasonal 
climate with dry winters and wet summers. The hosts were identified 
according to Rodrigues (1987), and the taxonomic classification was 
performed according to Frost, Etheridge et al. (2001) and Frost, 
Rodrigues et al. (2001). A sample of 35 males (body size 88.8 ± 
21.2 mm; range 57.7-127.2 mm), 63 females (body size 75.7 ± 13.6 mm; 
range 59.2-101.4 mm), and 12 young lizards (body size 53.4 ± 4.8 mm; 
range 42.1-55.6 mm) were killed after being brought to the laboratory for 
necropsy. The body cavity was opened by a longitudinal incision, the 
organs were removed, and the digestive tract was divided into esophagus, 
stomach, and small and large intestines and examined separately, with the 
use of stereoscopic microscopy. The nematodes found were fixed in AFA 
(93 parts 70% ethanol, 2 parts 40% formalin, and 5 parts glacial acetic 
acid) and stored in 70% ethanol. Eleven males and 15 females of 
Parapharyngodon bainae were cleared in lactophenol for examination. For 
detailed study, samples of eggs were extracted from the uterus near the 
ovijector and 3 male spicules were dissected. Specimens were placed on 
glass slides and examined with a light microscope. Drawings were made 
with the use of a microscope equipped with camera lucida. Mean values 
are followed by 1 standard deviation (±SD) and, in some cases, by range 
inside parentheses. The measurements are given in micrometers, except 
where otherwise stated. 
DESCRIPTION 
Parapharyngodon bainae n. sp. 
(Figs. 1-15) 
Diagnosis (Oxyuroidea: Pharyngodonidae): Cuticle opaque and white 
colored, with transverse striae from beginning of esophagus to anal 
opening. Triangular oral opening surrounded by 3 bilobed lips. Each lobe 
with tiny labial papillae, ventrolateral lobes with amphidial papillae 
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TABLE I. Morphometry (in range) of the 13 Parapharyngodon species (in biogeographical and chronological order) in which males have 3 paired and I 
unpaired caudal papillae. NM = not measured. 
Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon 
kartana rotundatus gerrhosauri sanisfaciecaudus largitor largitor 
Reference Johnston and Malan, Hering-Hagenbeck Freitas, Alho and Barus and Coy 
Mawson, 1941 1939 et aI., 2002 1957 Rodrigues, 1963 Otero, 1969 
Biogeographical region Australian Ethiopian Ethiopian Neotropical Neotropical Neotropical 
Male 
Length (mm) 2.0 2.6-2.9 2.4 2.5-2.9 1.5-2.8 2.3-2.6 
Width NM 450-550 190 270-350 140--190 290--380 
Nerv ring to head NM 92-115 80 130--150 NM 82-120 
Excretory pore to head NM 440--520 85 NM 320--360 860--950 
Total esophagus length 340 510--850 260 270--420 340-420 330--470 
Bulb length NM NM 90 70--83 69-97 86-100 
Bulb width NM 96-120 80 91-100 72-108 100--110 
Esophagus ratio (%) 17 19.6-29.3 11.0 10.8-14.7 15.2-22.8 14.4-18.4 
Caudal appendix 50 NM 60 67-84 62-75 69-98 
Spicule 55 96-140 70 88-100 54-68 77-80 
Cloacal lip Smooth Smooth Smooth Smooth Smooth Smooth 
Female 
Length (mm) 4.5--6.3 4.9-8.5 Female unknown 9.9-10.7 4.7-5.4 4.4-6.3 
Width NM 55-1,240 
Nerv ring to head 150 230 
Excretory pore to head (mm) NM 1.2-1.3 
Total esophagus length (mm) 1.00 1.2-1.5 
Bulb length NM NM 
Bulb width NM 173-252 
Esophagus ratio (%) NM 17.6-24.5 
Vulva to head (mm) NM NM 
Vulva ratio (%) NM NM 
Tail 360--400 430--530 
Tail appendix NM NM 
Ovary location NM Prebulbar 
Egg length 75-90 84-108 
Egg width 35-45 52-56 
(Fig. 4). Buccal capsule absent. Esophagus with characteristics of 
Oxyuridae (Figs. I, 2, 5), bulb with developed muscular valve projected 
through first portion of intestine (Figs. 2, 5). Excretory pore located in 
middle of sclerotized plate surrounded by cuticular ring (Fig. 6). Sexual 
dimorphism evident, females larger and more robust than males. Lateral 
alae present in males, but absent in females. 
Male (holotype and 10 para types; mean ± SD [range]): Small fusiform 
nematodes; truncated posterior end (Figs. 7, 8), 3.3 ± 0.3 mm (3.2-
3.7 mm) long, 275 ± 60 (250-350) wide at level of excretory pore. Lateral 
alae beginning at 355 ± 37 (320-380) from anterior end, ending at 352 ± 
83 (320--436) from posterior end, with 60 ± 10 (40--70) of maximum width. 
Cuticle annulations approximately 20 wide. Total esophagus length of 544 
± 46 (470--590), bulb 118 ± 19 (100--130) long and 137 ± 13 (110--150) 
wide. Esophagus ratio of 15.3 ± 1.2% (14.9-16.0%). Nerve ring 135 ± 30 
(100-150) and excretory pore 1.3 ± 0.2 mm (1.1-1.5 mm) from the 
anterior end. Testis present in anterior middle of body, but not reaching 
esophageal region. Posterior end with caudal appendix of large base, 
ending in pointed structure dorsally directed (Figs. 7,8), with 96 ± 12 (90--
100) length. Caudal alae absent. Three pairs of caudal papillae and I 
unpaired papilla; I median precloacal pair, I sublateral pair in cloacal 
opening line, and 1 pair in proximal region of caudal appendix, exactly on 
its narrowed point. Single median and postcloacal papilla (Fig. 7). 
Papillae weakly mammilliform, except caudal appendix pair (Fig. 7). 
Anterior cloacal lip echinate with furrow-like ornaments posteriorly 
directed (Fig. 7). Spicule 119 ± 14 long (100--140), poorly chitinized with 
round and large base, ending in thin tip (Fig. 9). 
Female (allotype and 14 paratypes; mean ± SD [range]): Robust 
cylindrical nematode (Fig. 10); conical posterior end with terminal stout 
NM 900--1,040 490--690 530--650 
NM 640-800 NM 110--140 
NM 2.3-2.4 1.6-1.9 1.0--1.5 
NM 1.4-1.6 1.3-1.6 0.8-1.0 
NM 118-143 150--195 130--160 
NM 249-282 195-210 180--190 
NM 13.9-14.6 26.8-29.0 15.8-17.6 
NM 5.0--5.4 2.6-3.3 2.3-2.9 
NM 50.4-50.7 55.7-60.9 46.6-51.5 
NM 430--450 370--481 280-530 
NM 120-200 150--166 69-110 
NM Postbulbar Prebulbar Prebulbar 
NM 113-122 78-82 82-90 
NM 57-61 32-33 46-57 
spike in the median line (Fig. 15). Length 6.8 ± 1.0 mm (5.0--8.3 mm), 
width 1.1 ± 0.1 mm (0.8-1.3 mm) at vulvar opening level. Cuticle 
annulations approximately 50 wide. Total esophagus length of 1.2 ± 
0.1 mm (1.0--1.3 mm), bulb 190 ± 20 (180--220) long and 250 ± 20 (200--
280) wide. Esophagus ratio of 17.1 ± 2.3% (15.1-19.9%). Nerve ring 210 
± 50 (160--230) and excretory pore 1.7 ± 0.3 mm (1.5-1.9 mm) from 
anterior end. Median vulvar opening in transversal furrow form, without 
prominent lips (Figs. 13, 14), 3.2 ± 0.5 mm (2.3-3.9 mm) from anterior 
end. Vulvar ratio of 48.3 ± 2.1% (47.0--53.8%). Ovijector musculature 
weakly developed, 980 long in allotype. Ovaries reach esophageal isthmus 
level coiling 3 to 5 times around corpus (Figs. 5, 10). Convoluted uterus 
full of eggs, making visualization of other organs difficult; does not reach 
prebulbar region of esophagus and with last posterior curve transposing 
anus line. Conical tail 480 ± 70 (440--630) long, ending in a stout spike 
appendix 210 ± 20 (180--260) long. Asymmetrical egg, 88 ± 4 (81-95) 
long, 52 ± 5 (49--60) wide; thick and punctuated shell with subpolar 
operculum (Figs. 11, 12). Eggs extracted from ovijector in early stages of 
cleavage. 
Taxonomic summary 
Type host: Tropidurus torquatus (Wied, 1820) (Squamata: Tropidur-
idae), Amazon lava lizard, deposited on Col~ao Herpetol6gica do 
Departamento de Zoologia da Universidade Federal de Juiz de Fora 
(CHUFJF) (accession numbers: 315-375; 683-733). 
Site of infection: Large intestine. 
Prevalence: 60%. 
Mean intensity: 4.8 ± 4.6 (1-29). 
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TABLE 1. Extended. 
Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon Parapharyngodon 
riojensis duniae lamothei bainae maplestoni lilfordi psammodromi 
Ramallo et aI., Bursey and Jimenez et aI., n. sp. Chatterji, Castaiio-Fernandez Roca and Lluch, 
2002 Brooks, 2004 2008 1933 et aI., 1987 1986 
Neotropical Neotropical Neotropical Neotropical Oriental Palaeartic Palaeartic 
2.2-3.0 1.7-2.0 2.1-2.3 3.2-3.7 2.0-2.6 1.8-2.1 2.2 
240-400 122-134 185-214 250-350 220 152-207 290 
100-170 128-146 132-154 100-150 110 NM NM 
920-1,290 578-638 727-752 1,100-1,500 NM 663-761 NM 
700-1,000 372-443 422-424 470-590 450-530 391-394 420 
100-160 67-82 77 100-130 NM 98-102 90 
120-150 67-88 85-86 110-150 90-110 NM 20 
31.3-33.3 21.7-24.4 18.8-20.0 14.9-16.0 20.4-22.7 18.5-22.0 19.5 
70-110 79-89 76-85 90-100 NM 66-72 58 
90-110 40-49 76-84 100-140 76-90 67-85 Absent 
Echinate Echinate Echinate Echinate Smooth Smooth Echinate 
4.2-5.4 3.8-4.5 3.5-5.3 5.0-8.3 3.0-5.2 4.6-5.3 4.0 
840-1,040 318-434 334-581 800-1,300 360-450 545-625 510 
130-200 122-183 150-288 160-230 130-152 NM NM 
1.3-2.0 0.5-0.7 1.0-1.4 1.5-1.9 1.4 1.5-1.7 776 
1.2-1.6 0.6-0.8 0.8-1.2 1.00-1.3 0.8-1.0 1.1-1.2 0.9 
150-200 110-134 118-143 180-220 NM 227-249 110 
200-280 106-122 120-156 200-280 150-198 NM 330 
28.8-29.6 15.4-16.7 22.8-23.3 15.1-19.9 20.5-27.7 22.8-23.7 22.9 
2.4-3.2 1.9-2.1 1.7-2.5 2.3-3.9 NM 2.4-2.8 2.00 
56.5-59.3 47-50 48.6-46.6 47.0-53.8 1M 51.0-52.9 49.8 
200-290 230-294 230-294 440-630 310-400 154-169 272 
100-180 192-288 NM 180-260 NM NM 73 
Postbulbar Postbulbar Prebulbar Prebulbar Prebulbar Prebulbar Prebulbar 
110-130 110-125 92-119 81-95 80-91 90-97 88-104 
60-80 36-49 37-44 49-60 42-60 52-66 52-62 
Type locality: Toledos, Juiz de Fora, state of Minas Gerais, Brazil 
(21048'27.5"S, 43°35'31.7"W; altitude 697 m). 
morphology in males, and the ovary location in females (Bursey and 
Goldberg, 1999; Bursey and Brooks, 2004; Bursey and Goldberg, 2005). 
Other distinctive characters frequently used are spicule length, egg 
morphology and size, vulvar position, and shape of the female tail 
(Bursey and Goldberg, 1999; Ramallo et al., 2002; Bursey and Brooks, 
2004; Bursey and Goldberg, 2005). 
Specimens deposited' Holotype male (17.1, Labotat6rio de Taxonomia e 
Ecologia de Helmintos da Universidade Federal de Juiz de Fora [LTEH]), 
allotype female (6.5, L TEH), 1 male and 2 females paratypes (171 YU, Musewn 
National d'Histoire Naturelle [MNHN]), other paratypes (15.2, LTEH). . 
Etymology: Species epithet is dedicated to Dr. Odile Bain, Museum 
National d'Histoire Naturelle de Paris. 
Remarks 
There are currently 46 well-described species of Parapharyngodon 
(Bursey and Goldberg, 2005, 2007a, 2007b; Bursey et aI., 2007; Gupta et 
al., 2009; Massova et aI., 2009) with sufficient morphological features for 
both male and female nematodes. Three species are described in the 
Australian, 9 in the Ethiopian, 4 in the Nearctic, 13 in the Neotropical, 6 
in the Oriental, and 11 in the Paleartic regions. Only Parapharyngodon 
sceleratus (Travassos, 1923) is described for T. torquatus. 
The new species belongs to Parapharyngodon because only males have 
lateral alae, there is no buccal capsule, and the oxyuroid esophagus has a 
globular posterior bulb with valve apparatus. Males do not have caudal alae, 
conical-shaped genital area, or a V-shaped structure. In addition, they have 
only 1 spicule and mammilliform papillae surrounding the cloacal aperture. 
Females of the new species have conical tail ending in a stout spike, eggs with 
subpolar operculum, and in early stages of cleavage inside the ovijector 
(Chatterji, 1933; Castano-Fernandes et al., 1987; Bursey and Goldberg, 2005). 
The main morphological characters used to distinguish Parapharyngo-
don species are the pattern and number of caudal papillae, cloacal lip 
Of these 46 species, 12 have the number and pattern of cloacal papillae 
similar to P. bainae, i.e., 2 pairs of papillae and 1 unpaired papilla around 
the cloaca, and 1 pair of papillae in the caudal appendix (Table I). The 
other species are different because males have 4 pairs, 3 pairs, 4 pairs, and 
1 unpaired papilla, or no caudal papillae (Table II). 
Males of P. bainae are larger than the 12 other males of congeneric 
species that have the same caudal papillae pattern; P. riojensis Ramallo, 
Bursey and Goldberg, 2002 have the closest male length to P. bainae 
(Table I), but are still smaller. 
Parapharyngodon duniae Bursey and Brooks, 2004, Parapharyngodon 
lamothei Jimenez, Le6n-Regagnon and Perez-Ramos, 2008, Parapha-
ryngodon cubensis Barus and Coy Otero, 1969, Parapharyngodon largitor 
Alho and Rodrigues, 1963, Parapharyngodon kartana Johnston and 
Mawson, 1941, Parapharyngodon gerrhosauri Hering-Hagenbeck, 2001, 
P. maplestoni Chatterji, 1933, and Parapharyngodon lilfordi Castaiio-
Fernandez, Zapatero-Ramos, Solera-Puertas and Gonzales-Santiago, 
1987 have smaller spicules than P. bainae (Table I). Furthermore, except 
for P. duniae and P. lamothei, the males of all other species have a smooth 
cloacal lip, unlike P. bainae males, which have an echinate cloacal lip 
(Table I). Parapharyngodon sanisfaciecaudus Freitas, 1957, and P. rotunda-
Ius Malan, 1939 also have smooth cloacal lips. Males of Parapharyngodon 
psammodromi Roca and Lluch, 1986 do not have spicules. 
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FIGURES 1-15. Line drawings of Parapharyngodon bainae n. sp. parasite of Tropidurus torquatus collected in Toledos, Juiz de Fora, Brazil. (1,2) 
Anterior end of holotype male, ventral view. (3) Cephalic end of allotype female, lateral view. (4) Cephalic end of paratype female, apical view. (5) 
Anterior end of allotype female, lateral view. (6) Excretory pore of holotype male, lateral view. (7) Posterior end of holotype male, ventral view. (8) 
Posterior end of holotype male, lateral view. (9) Spicule of paratype male. (10) Allotype female, lateral view. (11, 12) Eggs. (13) Allotype female vulvar 
opening, lateral view. (14) Holotype female vulvar opening, apical view. (15) Posterior end of allotype female, lateral view. 
TABLE II. Parapharyngodon species grouped according to the number of 
male caudal papillae. Species with the same number of Parapharyngodon 
bainae n. sp. male caudal papillae are not included. 
Number of male caudal papillae 
Four pairs 
Parapharyngodon echinatus Rudolphi, 1819 
Parapharyngodon micipsae Seurat, 1917 
Parapharyngodon almorensis Karve, 1949 
Parapharyngodon californiensis Read and Amrein, 1952 
Parapharyngodon brevicaudatus Bogdanov and Markov, 1955 
Parapharyngodon awokoyai Babero and Okpala, 1962 
Parapharyngodon meridionalis Chabaud and Brygoo, 1962 
Parapharyngodon dogieli Markov and Bogdanov, 1965 
Parapharyngodon rousseti Tcheprakoff, 1966 
Parapharyngodon skrjabini Vakker, 1969 
Parapharyngodon garciae Schmidt and Whittaker, 1975 
Parapharyngodon osteopili Adamson, 1981 
Parapharyngodon adramitana Adamson and Nasher, 1984 
Parapharyngodon fitizroyi Jones, 1992 
Parapharyngodon anomalus Hobbs, 1996 
Parapharyngodon margaritiferi Hering-Hagenbeck, 200 I 
Parapharyngodon colonensis Bursey, Goldberg and Telford, 2007 
Three pairs 
Parapharyngodon casauli Chatterji, 1935 
Parapharyngodon alvarengai Freitas, 1957 
Parapharyngodon verrucosus Freitas and Dobbin, 1959 
Parapharyngodon mabuiae Rao and Hiregauder, 1961 
Parapharyngodon iguanae Telford, 1965 
Parapharyngodon calotis Johnson, 1966 
Parapharyngodon macullatus Caballero, 1968 
Parapharyngodon pavlovskyi Markov, Atev and Bogdanov, 1968 
Parapharyngodon tyche Sulahian and Schacher, 1968 
Parapharyngodon szyczerbaky Radchenko and Sharpilo, 1975 
Parapharyngodon japonicaus Bursey and Goldberg, 1999 
Parapharyngodon ocalaensis Bursey and Telford, 2002 
Parapharyngodon kenyaensis Bursey and Goldberg, 2005 
Parapharyngodon grismeri Bursey and Goldberg, 2007 
Parapharyngodon maestro Jimenez, Leon-Regagnon and Perez-Ramos, 
2008 
Four pairs and I unpaired 
Parapharyngodon sceleratus Travassos, 1923 
No papillae 
Parapharyngodon hemidactylii Gupta, Bhaskar and Gupta, 2009 
Females of P. lamothei, P. kartana, P. maplestoni, P. lilfordi, P. 
psammodromi, P. duniae, P. riojensis, and P. sanisfaciecaudus have smaller 
tails than P. bainae females (Table I). In addition, females of P. duniae, P. 
riojensis, and P. sanisfaciecaudus have postbulbar ovaries, whereas in P. 
bainae females the ovary location is prebulbar (Table I). 
Parapharyngodon riojensis is more similar to P. bainae, but in addition 
to the other differences listed above, P. riojensis examples have higher 
esophagus ratios for both sexes and females have larger thin-shelled eggs 
(Table I). 
DISCUSSION 
Unlike in cestodes and protozoans, specificity seems to playa 
less important role than geographic distribution in the speciation 
process of nematode parasites of reptiles (Chabaud and Brygoo, 
1962). This fact can be easily observed when the host spectrum of 
some nematode species is analyzed. Thus, it is possible that the 
PEREIRA ET AL.-PARAPHARYNGOOON BAINAE N. SP. 315 
main speciation process in nematode parasites of reptiles occurred by 
host capture, and different parasite species of different host species 
present in the same biogeographic area may be phylogenetically 
closer than others occurring in hosts from different biogeographic 
areas, a situation that was observed in the present study. 
Petter and Quentin (1976) recognized 2 distinct evolutionary 
lineages in Pharyngodonidae, 1 represented by parasites of 
carnivorous reptiles and the other by parasites of herbivorous 
reptiles. In the first lineage (parasites of carnivorous reptiles), 
there is a gradual tendency for caudal papillae size reduction and 
caudal alae loss, but the tail remains long. In the second lineage 
(parasites of herbivorous reptiles), caudal papillae tend to lose 
their peduncles, but are still large, the tail end is shorter, and 
caudal alae tend to disappear. Parapharyngodon species occur in 
carnivorous, herbivorous, and omnivorous reptiles, and show 
morphological affinities with both evolutionary lineages. This 
demonstrates that species of Parapharyngodon, including P. 
bainae, occupy an intermediate position in these 2 evolutionary 
lineages, because the reduction of cuticularization on caudal 
appendix, a characteristic of Parapharyngodon, seems to be a 
derived character among Pharyngodonidae (Petter and Quentin, 
1976). 
Tropidurus torquatus is an ambush predator that feeds mainly 
on arthropods and some plant material (Rocha and Bergallo, 
1994). Plant material was infrequently found in the stomach of 
this lizard. Thus, these reptiles can be classified as carnivores. 
Probably, P. bainae, like other pharyngodonids, have a 
monoxenous life cycle (Anderson, 2000), with a few species in 
carnivorous reptiles (Aho, 1990). The opposite occurs with 
herbivorous reptiles as hosts (Martin et aI., 2005). The mean 
intensity of infection found for P. bainae (4.8 ± 4.6) in the present 
. study was smaller than the values obtained for other pharyngo-
donid species that infect herbivorous reptiles. Martin and Roca 
(2004), e.g., found high intensities of infection for Thelandros 
galotti Astasio-Arbiza, Zapatero-Ramos, Solero-Puertas and 
Gonzalez-Santiago, 1988 (14.6 ± 17.5), Thelandros filiformis 
Astasio-Arbiza, Gonzalez-Santiago, Castano-Fernandez and Za-
patero-Ramos, 1989 (33.1 ± 66.7) and Thelandros tinerfensis 
Solera-Puertas, Astasio-Arbiza, Zapatero-Ramos and Castaiio-
Fernandez, 1988 (18.0 ± 7.3), all parasites of the herbivorous 
lizard Gal/otia caesaris (Lehrs, 1914) (Squamata: Lacertidae). 
In contrast, Anjos et aI. (2005) reported a tendency toward 
small intensity of infection values for Pharyngodonidae in 
carnivorous lizards. Parapharyngodon sceleratus was found in 
Hemidactylus mabouia Moreau de Jonnes, 1818 (Squamata: 
Gekkonidae), Mabuyafrenata Cope, 1862 (Squamata: Scincidae), 
and Tropidurus itambere Rodrigues, 1987 (Squamata: Tropidur-
idae) with a mean intensity of 1.8 ± 1.5, 2.6 ± 1.9, and 4.2, 
respectively. Based on these findings, it is concluded that the low 
mean intensity found for P. bainae in this work is in accordance 
with the general pattern observed in monoxenic nematodes of 
carnivorous reptiles (Aho, 1990). 
The high prevalence value of P. bainae (60%) suggests that this 
parasite is successfully distributed in its host population and may 
act as an important species in the parasite community structure 
(Bush and Holmes, 1986; Holmes, 1987). Several studies show 
Parapharyngodon and Thelandros species with high prevalence 
values (>50%) in carnivorous lizards (Dobson et aI., 1992; Van 
Sluys et aI., 1994; Roca, 1997; Van Sluys et aI., 1997; Vrcibradic et 
aI., 2000, 2002). 
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Host infection is likely to occur during lizard foraging activity; 
probably these reptiles accidentally ingest infective parasite eggs 
when they eat their prey. Ribas et al. (1998) suggest that a 
paratenic host would be necessary for T. torquatus infection by 
monoxenic parasite eggs in the environment, because this lizard 
does not have tongue-flicking behavior. However, further 
investigations are necessary to prove the validity of this proposal. 
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BOOK REVIEW . .. 
What's Eating Yon? People and Parasites, edited by E. H. Kaplan. 
Princeton University Press, Princeton, New Jersey 08540. 2010. 302 p. 
Hardcover, ISBN 978-0-691-14140-4. 
Eugene Kaplan, author of "What's Eating You? People and Parasites," 
a fun, newly published layman's book on his personal tales and academic 
experiences with parasites, describes himself and others "like me, who 
wander through field and feces, [as] anachronisms." It is this "aberrant" 
angle, a branch of science he loves, yet he believes is considered outdated 
and "with no practical intent," that draws you in, unless the feeling 
Kaplan elicits is "old hat" for you. Perhaps you are already aware of the 
struggles of the "non-scientist" having read years back the wonderful self-
examination of biology and biologists by Price (1967). Okay, why write a 
book about something one thinks is not practical and then admit it to the 
reader? He's either humble or perhaps a little overly self-critical, but the 
product of his labor is a delightful, light-hearted read with terminolog-
ically intense language that is actually easy to follow; he includes simple 
definitions for the scrabble fans among us, e.g. "syzygy." As a result, his 
book can be understood by all, even those with just a "passing" interest in 
parasitology, i.e., your students who only want a "passing" grade and, as 
Kaplan states, "promptly go to sleep" in your much fraught-over, 
painstakingly prepared, and well thought out parasitology course. Of 
"course," if you're reading this, you probably have much more than a 
passing interest in this fascinating field and will find this read pretty 
elementary. But, don't be disheartened! Although this book serves up 
what can basically be described as "Parasitology 10 I" for the masses, it is 
quite a feast with an incredible variety on the menu! It's "full" (30 
chapters) of parasites, from microscopic protistans to l2-m-long 
tapeworms. You're going to want to wash your hands before you eat 
(although you should already) and really do your homework before 
schlepping off overseas to try the local fare. 
Kaplan has taught students about parasites for more than 40 yr by using 
a variety of innovative techniques. He allows you to feel free to plagiarize 
some of these methods for your parasitology course. Again, this book is 
very basic for most reading this review, but along the lines of New Guinea 
Tapeworms & Jewish Grandmothers (Desowitz, 1981), it is a great read for 
undergraduates in biology and in the health sciences interested in a witty, 
and at times immensely icky, introduction to all things parasitic inside and 
outside of us. 
Parasites, hosts, and their reproductive lives are described in almost an 
erotic manner. With chapter and chapter divisions entitled, "How to 
Fertilize Eggs without a Penis," "The Kiss of Death," "Sex in the 
Stomach," "Blowing Wind at the Ass of a Cockroach," and "A Peek Into 
the Anus of-My Child," to name just a few, Kaplan elicits quite a few 
laughs; however, this book may not be the best gift for your more 
puritanical friends out there. On that same theological note, like Dr. Kaplan 
and the aforementioned Desowitz (1981), I, too, am a member of "The 
Tribe." I can empathize with the stories of occasional anti-Semitic events in 
the life of the author, some of his colleagues, and the Jewish people in 
general (Russian Jews are particularly popular) that are sprinkled 
throughout this book. Yet, these events seem out of place in the context 
of a general storybook about parasitology. I mean is it important to remind 
us yet again that it was the Jews that were blamed instead of the fleas (and 
the bacterium they harbored!) for causing the black plague that decimated 
Europe, the former of which were "herded into barns and burned alive." 
How does knowing that a group of people were unjustly blamed in a 
historical event of several centuries past benefit the young student interested 
in parasite life histories? Instead, I got the feeling that the true focus and 
protagonists of the book, the parasites, are perhaps agnostic or at least 
aren't picky about how to "interpret scripture," that for them means the 
commandment "Thou Shalt Adapt or Die." 
Illustrations are included in the last few pages of each chapter, nicely 
drawn by the author's daughter, to give you and your students the 
"textbook lecture" materials to supplement the fun stories. These are good 
for black-and-white drawings, not too overly detailed. Legends are 
telegraphic and to the point, with some surprising statistical values thrown 
in for effect. You're going to want to remember those! 
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The single most outstanding feature of this book is the fun stories. The 
introduction gives the reader a simple explanation of symbioses. "Old hat" 
again for many, but a textbook (standard way) to set the stage for the 
juicier parasitological tidbits to follow. And what tidbits they are! Kaplan 
goes on to give a fascinating treatise (almost 30 more chapters) on a wealth 
of parasites-worm, protistan, and arthropod as well as endo- and 
ectoparasitic, fascinating and grotesque. You will be able to tell right away 
that Kaplan and "wise wife" have been around, and he has tried the menu 
in many different countries. He's done everything from looking for a place 
to set up a fish farm to spending an entire day putting a thermometer 
under the armpit of "locals" to record their temperature. These are some 
really comical, and at times, painful stories that a "younger generation" of 
students could really get hooked on. No, this isn't science fiction, but for 
the imaginative, morbidly curious, or novice to our parasitic world, you 
can't help wanting to roll up your sleeves and dive in with this stuff, 
catching every roach, mouse, or frog you can find. You quickly realizes 
that whether you are in the wilderness of Africa or in your "secure" home 
in suburban America, we are surrounded by parasites. They are 
everywhere-in your clothes (lice), in your food (too many species to 
list) and in you . .. feeling uncomfortable yet? "Are you sure you are 
pregnant or could it be something else?" "My cat living in my own house 
could have that!?" "The chigoe (a flea) digs how deeply in to my skin, 
releasing up to 150 larvae from a pus-white, painful blister on my toe!?" 
And my favorite, as if cows aren't bothered enough with ticks, the 
screwworm takes advantage of the irritation the ticks cause and the 
former's maggots "screw" themselves into the injured tissues, eating their 
way through the cow's body! Okay, this is gruesome, but let's face it-you 
just can't help yourself, you've got to read the next chapter, hoping that it 
will top the one you just read. Each chapter story is a good mix of 
autobiographical tales experienced by the author, while also providing a 
mini-lecture regarding the life history and pathology of each parasite and 
their host(s). Again, just a "taste" to whet your appetite but enough to 
make you want to turn to the next chapter of his "escapades" to find out 
answers to varied tourist questions you might be asking yourself: 
"Where'd he go next?" "How are locals like there?" "What can I expect 
if I try this item on the menu here?" Also, parasitology questions such as 
"How did that guy get infected?" and "You're telling me that if I took all 
the Ascaris worms in all the humans of the world and placed them in a 
line, head-to-tail, they would encircle the world 50 times-how did 
somebody figure that out?" (See comment above on surprising statistical 
values thrown in for effect). Yes, for those new to parasitology and all 
veterans reading this book, you'll be entertained as well as reminded of the 
wonders of parasitology and perhaps why we got into this field in the first 
place. 
On a final note, the marine biology related chapters, entitled "Topsy-
Turvy Worlds" and "A Day in the Caribbean" seem out of place 
compared with the remaining chapters, which are focused on parasites per 
se and the Kaplan's own personal recollections of them. Perhaps, these 
two chapters might not have made it into Kaplan's previous fun, and 
again at times somewhat erotic, marine biology exploration for the 
layman, Sensuous Seas (see Kaplan, 2006). 
The next time I enjoy teatime with friends I know in England, especially 
those who have visited the Sudan, I'll be reminded of Loa loa. Brrrr ... it 
can get dreadfully cold in England, but I may not want to sit next to the 
fireplace. Don't see the connection between tea, the Sudan, and a 
fireplace? To solve the mystery, have your students read the book! Hmm, 
now that I think about it, my neck is sore. Umm, is that a swollen lymph 
node I feel on the back of my neck? Uh oh ... 
Charles K. Blend, 13818 Sea Horse Avenue, Corpus Christi, Texas 
78418. 
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NEW SPECIES OF TRICHURIS (NEMATODA: TRICHURIDAE) FROM AKODON MONTENSIS 
THOMAS, 1913, OF THE PARANAENSE FOREST IN ARGENTINA 
Marfa del Rosario Robles 
Centro de Estudios Parasitol6gicos y de Vectores CEPAVE (CCT-CONICET-La Plata) (UNLP), Calle 2 no. 584, La Plata (1900), Buenos Aires, 
Argentina. e-mail: rosario@cepave.edu.ar 
ABSTRACT: Species of Trichuris (Nematoda: Trichuridae) parasitize a broad range of mammalian hosts. To date, 21 Trichuris species 
infecting nine families of rodents have been found in North and South America. Trichuris navonae n. sp. is described on the basis of 
specimens recovered from a species of forest-dwelling mice, Akodon montensis (Cricetidae: Sigmodontinae), from nine localities of 
Misiones Province, Argentina. A comparison with all the species of Trichuris from North and South American rodents is given. The 
separation of the new species of Trichuris is based on morphologic and morphometrica features, such as the absence of a spicular tube, 
the presence of a cylindrical spicular sheath with sharp spines, a non-protrusive vulva, a long anterior-posterior portion of the body, a 
lengthy spicule, and a proximal and distal cloacal tube. This is the third record of this genus in rodents of the Sigmodontinae from 
Argentina and the fifth record from South American rodents. Despite the large number of potential host species, only about 1.9% of 
sigmodontine rodent species have been reported as hosts of Trichuris spp. It is suggested that this number represents but a small 
fraction of Trichuris spp. that occur in sigmodontine rodents, and that additional survey of this group should yield additional species. 
Species of Trichuris Roederer, 1761 (Nematoda: Trichuridae), 
have a cosmopolitan distribution and parasitize a broad range of 
mammalian hosts (Cafrune et aI., 1999; Anderson, 2000). For many 
years, Trichuris species have been described with a narrow range of 
anatomic and biometric characteristics. Moreover, they have been 
insufficiently compared with their congeneric species (Schwartz, 
1926; Chandler, 1930; Knight, 1984; Babero and Murua, 1990). 
The presence or absence of the spicular tube, the length of the 
spicule and the cloacal tube, the shape of the proximal and distal 
cloacal tube, and the vulvar morphology, along with the classic 
morphometric characteristics, have been used as features with high 
discriminatory value for differentiating species of Trichuris (Gomes 
et aI., 1992; Spakulova, 1994; Suriano and Navone, 1994; Rossin 
and Malizia, 2005; Robles et aI., 2006). Some studies have used 
scanning electron microscopy (SEM) as a diagnostic tool (Kikuchi, 
1 974a, 1974b; Tenora et aI., 1993, 1997; Lanfredi et aI., 1995; 
Robles and Navone, 2006; Robles et aI., 2006), and others have 
used isoenzymatic patterns and molecular approaches for identi-
fication of these nematodes (Cutillas et aI., 1996,2002,2004,2007). 
To date, 21 Trichuris species have been described from nine 
families of North and South American rodents: Caviidae, 
Cricetidae, Ctenomyidae, Dasyproctidae, Geomyidae, Heteromyi-
dae, Myocastoridae, Octodontidae, and Sciuridae. Of these, five 
species have been reported from Argentina, including Trichuris 
dolichotis Morini, Boero, and Rodriguez, 1955, from Dolichotis 
patagonum (Zimmermann, 1780), Trichuris laevitestis Suriano and 
Navone, 1994, from Scapteromys aquaticus Thomas, 1920, and 
Akodon azarae (Fischer, 1829), Trichuris bursacaudata Suriano and 
Navone, 1994, from Ctenomys talarum Thomas, 1898, Trichuris 
pampeana Suriano and Navone, 1994, from Ctenomys azarae 
Thomas, 1903, and Trichuris pardinasi Robles, Navone and 
Notarnicola, 2006, from Phyllotis xanthopygus (Waterhouse, 
1837) (Morini et aI., 1955; Suriano and Navone, 1994; Robles et 
aI., 2006). Only four species have been recorded from rodents of the 
Sigmodontinae. These include Trichuris chilensis Babero, Cattan 
and Cabello, 1976, from Chile, Trichuris travassosi Gomes, 
Lanfredi, Pinto and Souza, 1992, from Brazil, and T. laevitestis 
and T. pardinasi from Argentina (Babero et aI., 1976; Gomes et aI., 
1992; Suriano and Navone, 1994; Robles et aI., 2006). 
Received 10 January 2010; revised 29 September 2010, 15 October 2010; 
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The purpose of the present paper is to describe a new species of 
Trichuris on the basis of specimens recovered from Akodon 
montensis Thomas, 1913 (Cricetidae: Sigmodontinae) from the 
Paranaense Forest in Misiones Province, Argentina. 
MATERIAL AND METHODS 
Nematodes were collected from the ceca of 28 specimens of A. 
montensis: 12 from Balneario Municipal de Arist6bulo del Valle, arroyo 
Cuiia Pinl (BC)-Departamento Caingmls; 5 from Club Pesca Paranay-
Guazu (CP); 2 from Desembocadura Arroyo Paranay-Guazu (AP); 2 
from Arroyo Salamanca, Reserva Natural Solar del Che (AS)-Departa-
mento MontecarJo; 2 from Saito EI Paraiso, Arroyo Paraiso (SP); 1 from 
Arroyo Oveja Negra-Ruta 21 (AO)-Departamento Guarani; 2 from 
Parque Provincial Cruce Caballero (CC); 1 from Parque Provincial 
Mocona (PM)-Departamento San Pedro, and I from Puerto Peninsula 
(PP)-Departamento Iguazu, Misiones Province, Argentina. These hosts 
were captured by the author and several collaborators (see Acknowledg-
ments) between May 2005 and September 2009. 
Akodon montensis occurs from east Paraguay, southeast Brazil, and 
northeast Argentina (Pardiiias et aI., 2003, Pardiiias et aI., 2008). In 
Argentina, these mice inhabit primary and secondary grown forests from 
Misiones Province (Massoia and Fornes, 1962; D'Elia, 2003), where the 
climate is subtropical, with no marked dry season (Giraudo et aI., 2003). 
This area is designated as the Paranaense Forest (Burkart et aI., 1999) and 
is part of the Atlantic forest, which stretches for several thousand 
kilometers along the east coast of Brazil and continues inland to parts of 
Paraguay and Argentina. The Paranaense Forest represents an important 
area of high biodiversity (Ecott, 2002; Giraudo et aI., 2003). 
Nematodes were preserved in 70% ethanol, and more than 40 specimens 
were cleared in lactophenol, then studied using a light microscope. 
Drawings were made with the aid of a drawing tube. Eight specimens were 
dehydrated in ethanol series (75%, 80%, 85%, 90%, 96%, 100%), dried 
using the critical point method, and examined with the aid of a scanning 
electron microscopy (Jeol 6360 LVLV, Tokyo, Japan). 
Measurements are presented as follows: holotype male, allotype female, 
and para types with mean, standard deviations, and range in parentheses. 
All measurements are given in millimeters. The scales of figures are given 
in micrometers. Specimens of nematodes were deposited in the 
Helminthological Collection of Museo de La Plata (MLP), La Plata, 
Buenos Aires, and hosts in Mastozoological Collections of the Centro 
Nacional Patag6nico (CNP), Puerto Madryn, Chubut, and Mastozoolo-
gical Collections of MLP. 
DESCRIPTION 
Trichuris navonae n. sp. 
(Figs. 1-14, Table I) 
Diagnosis: Cuticle with fine transversal striation. Anterior part of body 
long, narrow, tapered, and whip-like; posterior part of body broad, and 
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FIGURES 1-8. Trichuris navonae n. sp. (1) Complete male specimen. (2) Male, esophagus-intestine junction and proximal portion of testis, lateral 
view. (3) Female, esophagus-intestine junction and vulva, lateral view. (4) Male, posterior end, spiny spicular sheath, spicule and proximal and distal 
cloacal tube, lateral view. (5) Egg. (6) Female, posterior end, lateral view. (7) Male, detail of the posterior extremity, lateral view. (8) Bacillary band, 
middle region view. 
handle-like (Fig. I). Ratio between anterior and posterior body length 
I: 1.2-1: 1.4 in males and females. Stichosome with I row of stichocytes, 
and I pair of conspicuous cells at esophagus-intestinal junction level 
(Figs. 2, 3). Male without spicular tube. Proximal cloacal tube, united 
laterally to distal cloacal tube (Fig. 4). Spicular sheath cylindrical with 
spines distributed from proximal to distal portion; distal spines very 
sharpened and joined together (Figs. 7, 10-12). Testis ends near final third 
of distal cloacal tube, showing different degree of convolutions (Figs. I, 
4). Cloaca subterminal with I pair of paracloacal papillae, not 
ornamented. Female with non protrusive vulva located at esophagus-
intestinal junction level (Figs. 3, 13). Anus subterminal, with long caudal 
end finished with terminal torsion (Figs. 6, 9). 
Bacillary band located laterally in anterior portion of body (Figs. 8, 13, 
14). Bacillary band 0.06-0.09 from anterior end of body and extends to 
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FIGURES 9-14. Scanning electron micrographs of Trichuris navonae n. sp. (9) Female, posterior end, lateral view. (10) Male, posterior end, dorsal 
view. (11) Male, detail of the proximal portion of spiny spicular sheath. (12) Male, detail of the distal portion of spiny spicular sheath. (13) Female, detail 
of non-protusive vulva, ventral view. (14) Cuticular inflations bordering the bacillary band, with detail of bacillary glands. 
body width region of 0.1-0.19. With SEM, cuticular inflations appear 
bordering bacillary band at 0.25-0.31 from anterior end of body, forming 
low rings of thick walls and very reduced interior cavity (Fig. 14). These 
structures limit laterally to abundant and visible bacillary glands with 
conspicuous pore (Figs. 8, 14). Cuticle around vulvar aperture with 
transversally striated pattern (Figs. 3, 13). 
Male (25 specimens): Body length 13.75, 11.64 ± 1.53 (9.75- 15.02). 
Anterior portion of body 8.55, 6.69 ± 0.87 (5.5- 8.5) long and thick 
portion of body 5.2,4.88 ± 0.79 (3.97- 6.75) long (Fig. 1). Anterior body 
width 0.06, 0.047 ± O.o! (0.027-0.062), maximum posterior body width 
0.34, 0.25 ± 0.039 (0.2--D.34), width at esophagus-intestinal junction level 
0.1,0.14 ± 0.025 (0.1-0.2) (Fig. 2). Total length of esophagus 8.55, 6.68 ± 
0.89 (5.32-8.5), muscular portion 0.4, 0.43 ± 0.086 (0.3- 0.62) long, 
stichosome portion 8.15, 6.24 ± 0.89 (5-8. I 5) long. Spicule length 1.8, 1.63 
± 0.18 ( \.3-2) (Fig. 4). Spicular sheath densely spinose 1.59, 1.53 ± 1.2 
(0.9-2) long (Figs. 4, 7, 10- 12). Proximal cloacal tube 0.8, 1.11 ± 0.18 
(0.8-\.4) long, distal cloacal tube 1.35, 1.32 ± 0.25 (1-1.9) long (Fig. 4). 
Ratio between total body length and posterior portion length 2.64, 2.37 ± 
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TABLE 1. Main morphological features and measurements of 22 Trichuris species from American rodents. 
Species: T gracilis T opaca Barker T fossor T myocastoris T cifelli T perognathi 
(Rudolphi, 1819) and Noyes, 1915 Hall, 1916 Enigk, 1933 Chandler, 1945 Chandler, 1945 
Reference: Cameron and Tiner, 1950 Chandler, 1945; Lent and Freitas, Chandler, 1945 Chandler, 1945 
Reesal, 1951 Kenneth and 1936; Barus et aI., 
Lepp, 1972 1975; Correa et aI., 
1992 
Type host: Dasyprocta Ondatra Thomomys Myocastor coypus Spermophilus Perognathus 
leporina* zibethicus talpoidest beecheyit cali/ornicus 
cinnamominius cali/ornicus 
Other hosts: Microtus p. Thomomys Perognathus 
pennsylvanicus bottae pennicillata 
Ondatra z. bottae 
zibethicus 
Host family: Dasyproctidae Cricetidae Geomyidae Myocastoridae Sciuridae Heteromyidae 
Localities: (Trinidad) Nebraska, California, San Pablo (Brazil) California California 
(Brazil) Wisconsin, Wyoming (EEUU) (EEUU) 
Ohio, (EEUU) 
Wyoming, 
Maryland 
(EEUU) 
Male (N) (mm) 16 
Body length 21.8-24.9 22-35 27.89-39.77 34.5-38.5 25-30 
Anterior portion 13.1-14.5 12-21 19.02-26.7 21.5-24.5 
of body 
Posterior portion 8.7-10.4 12.5-14.5 
of body 
Anterior width 0.098-0.1 02 0.078-0.104 0.10-0.48 0.075 0.09 
Esoph.-intes. 0.16-0.17 0.35 
junction width 
Maximum posterior 0.286-0.305 0.3-0.425 0.6 0.350 
width 
Spicular tube Absent Absent Present Present 
Spicule length 1.20-1.36 0.97-1.35 2.96-4.5 1.3-2.1 0.9-1.15 
Spicular sheath With distal With distal Cylindrical and With distal Cylindrical and 
spherical spherical spiny spherical spiny 
bulge spiny bulge spiny bulge spiny 
Cloacal tube# 1.7-2.10 2.5 1.5-1.9 2.00 
Proximal clocal tube 1.29-1.72 
Distal cloacal tube 1.26-2.63 1-1.3 0.4 
Ratio post.-ant. of 1:0.5-1 :0.6 1:0.46-1:0.48 3:5-4:7 
body 
Female (N) (mm) 25 
Body length 38.5-39.6 29.2-40.9 25-47 30.25-45.24 45 46-47 
Anterior portion of body 21.52-27.44 14.3-15.1 14-25 22.28-31.82 26-27.5 21-23 
Posterior portion of 15.1-18.4 7.6-8.6 18-19.5 
body 
Anterior width 0.1-0.14 0.095 0.104-0.13 
Esoph.-intes. junction 0.3-0.4 0.15-0.23 0.35-0.4 
width 
Maximum posterior 0.6--0.7 0.436-0.5 0.3-0.62 0.55 
width 
Distance between 0.07 0.05-0.2 0.037-0.087 0 
esoph.-intes. and 
vulva 
Vulva Not protrusive Not protrusive Not protrusive Not protrusive Slightly With a cuticular 
or lips sligh tl y protruding evagination 
protruding 
Eggs length 0.05-0.059 0.059-0.062 0.069-0.077 0.05-0.065 0.070-0.074 0.065-0.067 
Eggs width 0.023-0.028 0.029 0.030-0.038 0.024-0.030 0.033-0.035 0.031-0.033 
Ratio post.-ant. of body 1.7:1-1.9:1 I: 0.48-1: 0.62 I: 0.31-1:0.47 2: 3-3: 4 
TABLE I. Extended. 
T. neotomae 
Chandler, 1945 
Chandler, 1945 
Neotoma 
fuscipes 
Cricetidae 
22-23 
14-17 
7.5-8 
0.125 
0.14 
0.47-0.5 
Present 
1.15-1.23 
With distal 
spherical 
bulge spiny 
1.22-l.25 
0.57-0.6 
1: 2-3: 5 
28-34 
16-21 
13-16 
015-0.18 
0.7-0.8 
0 
Slightly 
protruding 
0.09 
0.04 
1: 1.25-1:1.6 
T. peromysci 
Chandler, 1946 
Chandler, 1946 
Peromyscus 
cali/omicus 
Cricetidae 
14.7-31.8 
9.2-20.8 
5.5-11.5 
0.1-0.11 
0.4-0.48 
Present 
0.86-1.4 
Cylindrical and with spines 
uniformly distributed, 
and better develop distally 
1.2-2.0 
0.37-0.52 
1: 2-3: 5 
23-41 
14.3-24.4 
9-17 
0.1-0.12 
0.55-0.625 
0 
Not protrusive 
0.087-0.092 
0.04 
2: 3 
T. madisonensis 
Tiner, 1950 
Tiner, 1950 
Tamias 
striatus 
Sciuridae 
21.5 
14.3 
6.9-7.2 
0.012-0.073 
0.2 
0.286-0.305 
Present 
0.83-0.95 
Cylindrical and 
spiny 
1.14-l.22 
25.7-28.5 
17.2-18.5 
8.5-10.0 
Not protrusive 
0.072 
0.075 
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T. dolichotis 
Morini, 
Boero, and 
Rodriguez, 1955 
Morini et a!., 
1955 
Dolichotis 
patagonum 
Caviidae 
30 
17 
13 
0.1 
0.2 
0.5 
Not protrusive 
0.075 
0.045 
2: 1.5 
T. dipodomys 
(Read, 1956) 
Read, 1956 
Dipodomys 
ordii 
Heteromyidae 
3 
19.7-25.1 
8.7-14.1 
10.3-11.6 
0.043 
0.28-0.29 
0.33-0.46 
Present 
1.21-1.33 
Campanuliform 
and spiny 
1.70-1.74 
0.43-0.58 
3 
39.5-47.9 
15.9-25.7 
22.2-23.6 
0.16 
0.51-0.58 
0 
Anterior vulvar 
labium slightly 
projecting 
0.058-0.065 
0.028-0.029 
T. bradleyi 
Babero, 
Cattan, and 
Cabello, 1975 
Babero et a!., 
1975 
Octodon 
degus 
Octodontidae 
18 
27-33 
15-20 
12-18 
0.02 
0.32 
0.45-0.47 
Absent 
7.13-7.56 
Cylindrical 
and spiny 
6.09-7.1 
7.2-8.5 
26 
52.3-56.2 
24.-39.10 
24-34.3 
0.36-0.44 
0.79-0.85 
0.15-0.27 
Not protrusive 
0.057-0.065 
0.029-0.034 
T. chilensis 
Babero, 
Cattan and 
Cabello, 1976 
Babero et a!., 
1976 
Abrothrix 
longipilis§ 
Cricetidae 
Santiago 
(Chile) 
6 
14.5-18.0 
7.5-11.0 
7.00-7.50 
0.021-0.025 
0.13-0.19 
0.37-0.41 
Absent 
2.3-2.5 
Cylindrical 
and spiny 
2.06-2.15 
2.10-2.78 
6 
21.0-22.0 
10.5-11.7 
11.0-11.7 
0.33 
0.51-0.55 
0.11-0.15 
Slightly 
protruding 
0.06-0.067 
0.032-0.034 
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TABLE 1. Extended. 
T travassosi Correa 
T elatoris Gomes, Lanfredi, T laevitestis T bursacaudata 
T jillvi Babero and Pfaffnberger and T robusti Babero Pinto, and Souza, Suriano and Suriano and 
Species: Murua,1987 Best, 1989 and Murua, 1990 1992 Navone, 1994 Navone, 1994 
Reference: Babero and Pfaffnberger Babero and Correa Gomes Suriano and Suriano and 
Murua, 1987 and Bests, Murua, et a!., 1992 Navone, 1994; Navone, 1994 
1989 1990 Robles and 
Navone, 2006 
Type host: Ctenomys fulvus Dipodomys Ctenomys Oligoryzomys Scapteromys Ctenomys talarum 
phil/ipiensis elator robustus nigripesll aquaticus 
Other hosts: Akodon azarae 
Host family: Ctenomyidae Heteromyidae Ctenomyidae Cricetidae Cricetidae Ctenomyidae 
Localities: San Pedro de Texas La Hauyca Arvorezinha Buenos Aires Buenos Aires 
Atacama (Mexico) (Chile) (Brazil) (Argentina) (Argentina) 
(Chile) 
Male (N) (mm) 2 8 3 37 16 
Body length 23.5-26.48 15.0-2l.0 20.1-26.65 32.0-40.0 l3-25.2 18.5-23.0 
Anterior portion 12.5-13.72 8.00-1l.0 10.26--14.70 1l.9-16.0 7.9-14.88 13.97-21.7 
of body 
Posterior portion 10.0-12.76 8.00-1l.0 9.44-14.20 20.l-24.0 4--1l.31 
of body 
Anterior width 0.04 0.02-0.03 0.028-0.043 0.04--0.19 
Esoph.-intes. 0.2-0.28 0.09-0.12 0.072-0.086 0.l-0.25 0.l2-0.16 
junction width 
Maximum posterior 0.49-0.52 0.41-0.57 0.34 0.17-0.39 0.48-0.53 
width 
Spicular tube Present Absent Absent Absent Present Absent 
Spicule length 3.47-3.71 0.92-l.03 2.30--3.90 2-2.56 2.73-6.8 4.8-5.6 
Spicular sheath Cylindrical and Cylindrical Cylindrical Cylindrical and Cylindrical and Pseudo bursa 
spiny and spiny and spiny with spines dense with distal spines spiny 
proximately of rounded tip 
Cloacal tube# 1.7-2.3 0.85-l.07 
Proximal c10cal tube l.65-2.6 0.42-0.71 0.84--l.8 1.73-l.95 
Distal cloacal tube 0.43-0.56 2.31 1.2-1.4 0.52-2.25 3.9-4.5 
Ratio post.-ant. of 1: l.48 1:1- 1:1.3 
body 
Female (N) (mm) 2 8 3 30 16 
Body length 34.8-40.07 25.0-3l.0 37.35-46.10 38.89-48.52 13.45-27.56 32.65-43.35 
Anterior portion of body 14.0-20.02 9.0--12.0 14.00-24.36 14.07-20.01 8.l9-16.77 15.88-2l.7 
Posterior portion of 16.2-22.8 16.0-19.0 18.35-27.00 24.82-28.51 6.24--13.06 
body 
Anterior width 0.03--0.04 0.043-0.052 0.039-0.14 
Esoph.-intes. junction 0.24--031 0.14-0.19 0.28--0.35 0.086-0.l2 0.l-0.26 0.22-0.30 
width 
Maximum posterior 0.64-0.72 0.33-0.5 0.63--0.8 0.5-0.63 0.25-0.4 0.32-0.56 
width 
Distance between 0.19-0.26 0.15-0.33 0 0 0-0.l8 0.1-0.25 
esoph.-intes. and 
vulva 
Vulva Not protrusive Not protrusive Not protrusive Not protrusive Protrusive Not protrusive 
Eggs length 0.065-0.072 0.061--0.066 0.057-0.065 0.054--0.061 0.066-0.08 0.06-0.07 
Eggs width 0.028-0.031 0.027-0.029 0.029-0.036 0.025--0.028 0.027-0.04 0.02-0.03 
Ratio post.-ant. of body 1:1.3 1:1.1-1:l.9 
TABLE 1. Extended. 
T pampeana Suriano 
and Navone, 1994 
Suriano and 
Navone, 1994; 
Rossin and 
Malizia, 2005 
Ctenomys azarae 
Ctenomys talarum 
Ctenomyidae 
La Pampa, 
Buenos Aires 
(Argentina) 
52 
23.26-43.6 
22.38-29.1 
10.2-14.48 
0.09-0.12 
0.20-0.32 
0.3-0.52 
Absent 
3.7-4.4 
Cylindrical and 
with spines dense 
proximately 
1.77-2.89 
2.18-4.5 
1: 1.21 
47 
32.7-73.1 
19.4-39.95 
13.3-33.15 
0.10-0.15 
0.17-0.26 
0.49-0.66 
0.020.38 
Not protrusive 
0.058-0.06 
0.02-0.03 
1: 1.14 
T pardinasi Robles, 
Navone, and 
Notarnicola, 2006 
Robles et aI., 2006 
Phyliotis xanthopygus 
Cricetidae 
Buenos Aires, 
Cordoba 
(Argentina) 
12 
18.81-22.55 
9.26-12.41 
10.07-12.85 
0.12-0.16 
0.15-0.25 
0.35-0.78 
Absent 
4.30-5.2 
Cylindrical 
and spiny 
2.14-3.47 
3-4.81 
8 
37.54-42.9 
15.64-16.85 
19.47-21.97 
0.0.78-0.15 
0.22-0.32 
0.58-0.71 
Not protrusive 
0.06 
0.03 
Trichuris 
n. sp. Present 
study 
Akodon montensis 
Cricetidae 
Misiones 
(Argentina) 
25 
9,46-16.24 
5.47-9 
3.9-7.24 
0.027-0.075 
0.087-0.2 
0.2-0.34 
Absent 
1.3-2.1 
Cylindrical and 
with distal spines 
of sharp tip 
0.75-1.5 
1-1.9 
1:1.2-1:1.4 
27 
10.6-24.8 
5.6-14.5 
4-10.7 
0.031-0.093 
0.09-0.25 
0.2-0.36 
Not protrusive 
0.05-0.06 
0.02-0.03 
1:1.2-1:1.4 
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0.14 (2.12-2.57). Ratio between total body length and spicule length 7.63, 
7.14 ± 0.69 (6.32-8.44). Ratio between posterior portion length and 
spicule length 2.88, 2.99 ± 0.41 (2.56-3.97). Ratio beween proximal 
cloacal tube length and distal cloacal tube length 0.59, 0.77 ± 0.09 (0.60-
0.95). Ratio between maximum posterior body width and posterior 
portion length 0.06, 0.056 ± 0.01 (0.04-0.07). 
Female (27 specimens): Body length 22.31, 18.46 ± 2.5 (13.39-22.7). 
Anterior portion of body 12.5, 10.31 ± 1.5 (6.89-12.23) long, and thick 
portion of body 9.81,7.8 ± 1.56 (4-10.7) long. Anterior body width 0.09, 
0.052 ± 0.016 (0.031-0.093), maximum posterior body width 0.36,0.28 ± 
0.033 (0.25-0.36), width at esophagus-intestinal junction 0.156, 0.15 ± 
0.034 (0.09-0.25) (Fig. 3). Total length of esophagus 12.5, 10.29 ± 1.5 
(6.89-12.23), muscular portion 0.62, 0.51 ± 0.074 (0.38-0.62) long, 
stichosome portion 11.88,9.78 ± 1.53 (6.3-11.85) long. Distance between 
esophagus-intestinal junction and vulva 0.05, 0.08 ± 0.05 (0.02-0.014) 
(Fig. 3). Eggs oval, flat, with bipolar plugs (n = 10) 0.03 X 0.06 (Fig. 5). 
Ratio between total body length and posterior portion length 2.27, 2.27 ± 
0.15 (2.06-2.5). Ratio between maximum posterior body width and 
posterior portion length 0.03, 0.04 ± 0.009 (0.028-0.06). 
Taxonomic summary 
Type host: Akodon montensis Thomas, 1913 (Sigmodontinae: Akodon-
tini). 
Symbiotype: Female CNP 1833 (BC). Other hosts housed at the CNP 
1811,1825,1831,1850,1852 (BC); CNP 1922,1924 (CP); CNP 1923,1934 
(AP); CNP 1925 (SP); CNP 1937 (AO); CNP 1939, 1940 (CC); CNP 1936 
(PM); MLP 24.VIII.00.17 (PP). 
Type locality: Balneario Municipal de Aristobulo del Valle (BC), 
(27°05'S, 54°56'W), Aristobulo del Valle, Departamento Caingmis, 
Misiones, Argentina. 
Other localities: CP (26°40'S, 54°48'W), AP (26°40'S, 54°50'W), AS 
(26°36'S, 54°46'W), SP (27°13'S, 54°02'W), AO (27'08'S, 53°55'W), CC 
(26°31'S, 53°59'W), PM (27°08'S, 53°53'W), PP (25°40'S, 54°38'W). 
Site of infection: Caecum. 
Type specimens: Holotype male, allotype female, 4 paratypes and 14 
voucher specimens deposited at the Helminthological Collection of MLP, 
MLP numbers: 6261, 6262, 6263 and 6264, 6265, 6266, 6267, 6268, 6269, 
6270, 6271, respectively. 
Etymology: Dedicated to my mentor, Graciela T. Navone, a world-
recognized parasitologist from Argentina. 
Remarks 
Trichuris navonae n. sp. can be separated from 8 of the species parasitic 
in American rodents, i.e., T cifelli. T perognathi, T neotomae, T 
peromysci, T madisonensis, T dipodomys, T fulvi, and T laevitestis, by the 
absence of a spicular tube (the spicule lies entirely within the distal cloacal 
tube). 
The new species differs from T opaca, T fossor, T citelli, T neotomae, 
T dipodomys, and T bursacaudata by lacking a spicular sheath with a 
spiny distal spherical bulge or a spiny campanuliform shape. Among those 
species with a cylindric spicular sheath, the new species can be separated 
from T travassosi, T laevitestis, and T pampeana by the distribution of 
spines. 
The new species has a shorter spicule than T myocastoris, T bradleyi, T 
chilensis, T fulvi, T robusti, T travassosi, T laevitestis, T bursacaudata, 
T pampeana, and T pardinasi and longer than T opaca, T fossor, T 
perognathi, T neotomae, T peromysci, T madisonensis, T dipodomys, and 
T elatoris. Moreover, T navonae n. sp. has a shorter distal cloacal tube 
than T bradleyi, T chilensis, T robusti, T bursacaudata, T pampeana, 
and T pardinasi and longer than T perognathi, T neotomae, T peromysci, 
T dipodomys, and T fuM 
* Cited as Cavia agouti by Rudolphi, 1819. 
t Cited as Thomomys fossor by Hall, 1916. 
t Cited as eitel/us beecheyi by Chandler, 1945 
§ Cited as Akodon iongipilis by Babero, Cattan, and Cabello, 1976. 
II Cited as Oryzomys nigripes by Correa Gomes et aI., 1992. 
# Referred by author. 
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SiPGe the males of T gracilis and T dolichotis have not been described, 
these species were not included in the preceding comparison. However, the 
females of these species can be separated from T navonae by the 
dimensions of the body length, and the lengths of the anterior and 
posterior portions of the body. 
Also, the new species has smaller distance to vulva from the anterior end 
than T gracilis, T myocastoris, T citel/i, T perognathi, T neotomae, T 
madison ens is, T dolichotis, T dipodomys, T bradleyi, T bursacaudata, T 
pampeana, and T pardinasi. 
A comparison between the lengths of the bacillary bands, and the size, 
shape, and distribution of the bacillary glands, as well as their number, with 
respect to the tranversal cuticular striations showed differences with other 
previously studied species with SEM such as T myocastoris, T travassosi, T 
pampeana, T padinasi, and T laevitestis. The bacillary band of T navonae 
begins anteriorly to that reported for T laevitestis but is similar to the rest of 
the species. The cuticular inflations of the new species form low rings with 
thick walls and a very reduced interior cavity, differing from the species 
mentioned above (Gomes et aI., 1992; Lanfredi et aI., 1995; Rossin and 
Malizia, 2005; Robles and Navone, 2006; Robles et aI., 2006). 
Table I lists the measurements (generally ranges of paratypes) of all the 
Trichuris species from North and South American rodents (Lent and 
Teixeira de Freitas, 1936; Chandler, 1945; Tiner, 1950; Cameron and 
Reesal, 1951; Morini et aI., 1955; Read, 1956; Kenneth and Leep, 1972; 
Babero et aI., 1975, 1976; Barus et aI., 1975; Babero and Murua, 1987; 
Pfaffnberger and Best, 1989; Babero and Murua, 1990; Gomes et aI., 1992; 
Suriano and Navone, 1994; Rossin and Malizia, 2005; Robles and 
Navone, 2006; Robles et aI., 2006). This table presents updated names of 
all hosts (Wilson and Reeder, 2005); the host names identified in the 
original papers are placed in the footnotes. 
DISCUSSION 
Twenty-two species of Trichuris parasites from 9 host families 
of American rodents have been compared in this paper. Although 
the ranges of some morphometric features overlap among 
different species (Spakulova, 1994), and some share morphologic 
characteristics, the combination of these characters permit 
separation of the different species. The unique features of T. 
navonae n.sp., such as the absence of a spicular tube, a cylindrical 
spicular sheath with very sharp and joined together spines, a non-
protrusive vulva, and different morphometric characters and 
ratios, combine to validate a new species. 
Morphological details of T. navonae and diagnostic structures 
were also examined using SEM. Although the bacillary band can 
be differentiated from the remaining transversal striated cuticle 
using light microscopy, only a few studies include an SEM 
description of this structure. Although fixation can alter the 
structure of the bacillary band (Wright, 1975), in the new species 
the bands appear to be very well conserved, showing some 
differences in the distribution of the glands, and different sizes 
and shapes of cuticular inflations compared with those observed 
in 5 other studied species (Gomes et aI., 1992; Lanfredi et aI., 
1995; Rossin and Malizia, 2005; Robles and Navone, 2006; 
Robles et aI., 2006). Since the bacillary bands are not known for 
all Trichuris species, it is possible that the real importance of this 
structure will be assessed only when new studies with detailed 
descriptions, illustrations, and photographs are provided. 
The description of T. navonae was based on A. montensis 
specimens from 9 localities. These localities are distributed in the 
north, middle, and margins of 2 bordering rivers, the Parana and 
Uruguay, from the Misiones Province. This species is evidently 
associated with the host and the Paranaense Forest since other 
species of sigmodontine rodents distributed in several environ-
ment of Argentina were parasitized with other different species of 
Trichuris. Further studies are necessary to verify if the new species 
follows the distribution of A. montensis in the rest of the Atlantic 
forest in Paraguay and Brazil. 
Although the Paranaense Forest has a high species diversity, very 
few species of mammal parasites have been described in the area 
(e.g., Notarnicola and Navone, 2002; Robles and Navone, 2007, 
2010; Lareschi, 2010). Trichuris navonae n. sp. constitutes the third 
record of this genus in rodents of the Sigmodontinae from 
Argentina and the fifth from South American rodents. Sigmodon-
tine rodents are distributed predominantly in South American, 
reaching a Central and North American distribution; this 
subfamily includes approximately 400 species (D'Elia et aI., 
2007). Despite the large number of potential host species, only 
about 1.9% of sigmodontine rodent species have been recorded as 
hosts for Trichuris spp. (Babero et aI., 1976; Gomes et aI., 1992; 
Suriano and Navone, 1994; Wilson and Reader, 2005; Robles et aI., 
2006). It is suggested that this number represents but a small 
fraction of Trichuris spp. that occur in sigmodontine rodents, and 
that additional survey of this group should yield additional species. 
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IDENTIFICATION OF A SPOROZOITE-SPECIFIC ANTIGEN FROM TOXOPLASMA GONDII 
Dolores Hill, Cathleen Coss, J. P. Dubey, Kristen Wroblewski*, Mari Sauttert, Tiffany Hosten+, Claudia Munoz-Zanzi§, 
Ernest Muit, Shawn Witherst, Kenneth Boyer II, Gretchen Hermes#, Jessica Coy net , Frank Jagdis~, Andrew Burnett~, 
Patrick McLeod~, Holmes Morton**, Donna Robinson**, Rima McLeodtt, and Toxoplasmosis Study Group 
United States Department of Agriculture, Agricultural Research Service, Animal and Natural Resources Institute, Animal Parasitic Diseases 
Laboratory, Beltsville, Maryland 20705. e-mail: dolores.hil/@ars.usda.gov 
ABSTRACT: Reduction of risk for human and food animal infection with Toxoplasma gondii is hampered by the lack of 
epidemiological data documenting the predominant routes of infection (oocyst vs. tissue cyst consumption) in horizontally transmitted 
toxoplasmosis. Existing serological assays can determine previous exposure to the parasite, but not the route of infection. We have 
used difference gel electrophoresis, in combination with tandem mass spectroscopy and Western blot, to identify a sporozoite-specific 
protein (T. gondii embryogenesis-related protein [TgERP]), which elicited antibody and differentiated oocyst- versus tissue cyst-
induced infection in pigs and mice. The recombinant protein was selected from a cDNA library constructed from T. gondii sporozoites; 
this protein was used in Western blots and probed with sera from T. gondii-infected humans. Serum antibody to TgERP was detected 
in humans within 6-8 mo of initial oocyst-acquired infection. Of 163 individuals in the acute stage of infection (anti-T. gondii IgM 
detected in sera, or <30 in the IgG avidity test), 103 (63.2%) had detectable antibodies that reacted with TgERP. Of 176 individuals 
with unknown infection route and in the chronic stage of infection (no anti-T. gondii IgM detected in sera, or > 30 in the IgG avidity 
test), antibody to TgERP was detected in 31 (17.6%). None of the 132 uninfected individuals tested had detectable antibody to TgERP. 
These data suggest that TgERP may be useful in detecting exposure to sporozoites in early T. gondii infection and implicates oocysts as 
the agent of infection. 
Toxoplasmosis, caused by Toxoplasma gondii, is one of the 
most common parasitic infections of humans and other warm-
blooded animals. It has been found worldwide, and nearly one-
third of humanity has been exposed to the parasite (Dubey and 
Beattie, 1988; Dubey, 2009). In most adults, infection rarely 
produces severe clinical manifestations; however, there have been 
recent reports of focal ocular toxoplasmosis in otherwise healthy 
adults (Aramini et aI., 1998, 1999; Jones et aI., 2006; Phan et aI., 
2008a; Wallace and Stanford, 2008). Congenital infection usually 
occurs when a woman becomes infected during pregnancy and 
transmits the pathogen to the fetus. Congenital infections 
acquired during the first trimester are more severe than those 
subsequently acquired (Desmonts and Couvreur, 1974; Reming-
ton et aI., 2005). Congenital infection can cause a spectrum of 
disease syndromes, ranging from chronic infection with unappar-
ent clinical symptoms, to blindness and mental retardation in 
children, to stillbirth. Devastating disease can also result in 
immunosuppressed patients, such as those given large doses of 
immunosuppressive agents in preparation for organ transplants 
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or those with acquired immunodeficiency syndrome. In any case, 
the immunosuppressed host may die from toxoplasmosis unless 
treated (Hill et aI., 2005). 
Besides congenital infection, humans become infected through 
ingestion of tissue cysts in undercooked or uncooked meat, or by 
ingesting food or water contaminated with sporulated oocysts 
from infected cat feces (Dubey and Beattie, 1988; Cook et aI., 
2000; Lopez et aI., 2000; Tenter et aI., 2000; Jones et aI., 2009). 
Food animals, such as pigs, become infected by the same routes, 
resulting in meat products containing tissue cysts, which can 
infect consumers (Smith, 1993; Dubey et aI., 1995, 2005). There 
are no tests that can differentiate between oocyst (the stage 
excreted in cat feces) ingestion and tissue cyst (the stage found in 
meat) ingestion as the infection route, making epidemiological 
studies that could lead to the development of strategies to reduce 
infection in humans and food animals difficult. In the present 
study, we describe the first identification of a sporozoite-specific 
protein, T. gondii embryogenesis-related protein (TgERP), that 
elicits antibody in T. gondii-infected pigs, mice, and humans, The 
presence of this antibody differentiates infection via sporulated 
oocysts versus tissue cysts in pigs and clearly identifies people 
infected through ingestion of oocysts within 6-8 mo of initial 
exposure. Human sera from 2 North American T. gondii 
outbreaks considered to have resulted from oocyst exposure, sera 
from individuals with acquired infections whose exposure history 
was not well characterized, and sera from uninfected individuals 
were tested by Western blot or ELISA using the recombinant 
TgERP to characterize the antibody response to the protein in 
these groups. 
MATERIALS AND METHODS 
Oocyst (sporozoite) production and pig infection 
Toxoplasma gondii (VEG strain) oocysts were collected by sucrose 
flotation from feces of cats fed tissues of mice experimentally infected with 
T. gondii; these procedures have been previously described (Dubey et aI., 
1970; Dubey and Frenkel, 1976). Oocysts were sporulated in 2% H2S04 
while shaking for 7 days at room temperature and were stored at 4 C until 
used. Ten T. gondii-seronegative pigs (-50 kg each, 5-mo-old, Ernst 
Farms, Clear Spring, Maryland) were infected per os (p.o.) with 1,000 
sporulated T. gondii VEG strain oocysts. Serum was collected on a weekly 
basis from each pig by venipuncture for 9 mo. Ten uninfected seronegative 
pigs were maintained as controls. All animal experiments were conducted 
using approved protocols under the auspices of the Institutional Animal 
Care and Use Committee, Beltsville Agricultural Research Center, 
Beltsville, Maryland. 
Tissue cyst (bradyzoite) production and pig infection 
Swiss-Webster mice were orally inoculated with 50 T. gondii oocysts. 
After 60 days, the mice were bled out, and the brains of mice were 
removed, washed in saline, and homogenized in saline using a micro 
blender (2.5-ml salinelbrain). Isotonic Percoll (9:1 Percoll:saline) was 
added to the homogenate (3:2), mixed well, and centrifuged at 2,600 rpm 
(2,000 g) for 30 min. The top layer of brain tissue and the supernatant were 
removed, the pellet was resuspended in saline and mixed well by vortexing, 
and the suspension was filtered through the edge of a 25-1lID sieve. Saline 
was used to recover tissue cysts retained on the sieve. Recovered tissue 
cysts were washed in saline by centrifugation at 2,000 rpm (1,179 g) for 
10 min. Washed tissue cysts (5,000 to each pig) were inoculated directly to 
10 pigs p.o. or were treated with 0.25% trypsin for 10 min to release 
bradyzoites from cysts, which were extracted for collection of protein as 
described below. Serum was collected from each pig on a weekly basis as 
described above. 
Tachyzoite production 
Toxoplasma gondii VEG strain tachyzoites were produced in the HCT-8 
cell line (ATCC, Manassas, Virginia). T-75 flasks with a 75% confluent cell 
layer were seeded with I x 105 T. gondii tachyzoites and maintained at 37 C 
and 10% CO2 in high-glucose DMEM containing 3% FCS, 50 U/m! 
penicillin, 50 1Lg/m! streptomycin, 2 mM glutamine, 100 mM HEPES, I x 
MEM non-essential amino acids, and I mM sodium pyruvate. After 7-
10 days of culture, as tachyzoites began to emerge from cells, the medium 
was switched to HBSS for 2-3 hr each day, and emerged tachyzoites were 
collected from the supernatant by centrifugation at 1,200 g for 7 min until 
the cell monolayer was completely disrupted. Collected parasites were 
washed 2-3 times in HBSS and forced through a 26-gauge needle to disrupt 
any collected cells containing parasites. The parasite preparation was then 
passed through a 5-lLm Millex-SV syringe filter (Millipore, Bedford, 
Massachusetts) to remove cell debris, washed twice in HBSS, centrifuged 
as above, and extracted for collection of protein as described below. 
Analysis of pig sera 
The presence of antibodies to T. gondii in experimentally infected pig 
sera was determined using the modified agglutination test (MAT) and by 
ELISA as described previously (Dubey et aI., 1996; Gamble et aI., 2005). 
For both tests, sera were tested on the day of infection and weekly 
throughout the course of the experiment. For the MAT, serum samples 
were tested at doubling dilutions from 1:25 to 1:3,200. Positive and 
negative control sera diluted from 1:25 to 1:3,200 were included in each 
test. Sera with a titer of 1:25 or higher were considered positive. Serum 
antibodies to T. gondii were also determined in the pigs using a validated 
commercial ELISA kit (Safepath Laboratory, Carlsbad, California). This 
ELISA kit uses formalin-fixed whole tachyzoites as antigen and has been 
validated for use with pork samples (Gamble et aI., 2005; Hill et aI., 2010). 
Sera were tested at a I :50 serum dilution, and positive and negative 
controls provided by the manufacturer were included on each plate. Plates 
were read at 405 nm using a VMax ELISA reader (Molecular Devices, 
Sunnyvale, California). Samples with optical densities greater than 0.200 
were considered positive. 
cDNA library construction from T. gondii sporozoites 
For collection of T. gondii RNA, DNA, and protein from sporulated 
oocysts, oocyst walls were first disrupted by treating intact oocysts with 
5.25% sodium hypochlorite in water for 30 min at room temperature. 
Oocysts were washed 3-4 times by centrifugation in water to remove the 
sodium hypochlorite and were then disrupted by vortexing with 500-lLm 
glass beads for 5 min. Collection of parasite nucleic acids (sporozoites) 
and proteins from sporozoites (as well as tachyzoites and bradyzoites) was 
accomplished using the TRIZOL reagent, followed by sequential 
precipitation with isopropyl alcohol (RNA), ethyl alcohol (DNA), and 
isopropyl alcohol in the organic phase (proteins) (Gibco/BRL Life 
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Technologies, Gaithersburg, Maryland) as described previously (Hill et 
aI., 2001; Hummon et aI., 2007) and per the manufacturer's instructions 
(www.tools.invitrogen.comlcontentlsfs/manuels/trizoLregeant. pdf). Pro-
teins were dissolved in 0.1 % SDS, and concentrations were determined 
using a modified Bradford assay (BioRad protein assay; BioRad, 
Hercules, California). Proteins were then stored in 1% SDS and 8 M 
urea at -20 C until used. 
cDNA libraries were constructed from excysted sporozoites of T. gondii 
using the Smart cDNA synthesis by long-distance PCR protocol in the 
"-TriplEx vector (Clontech, Mountain View, California). First-strand 
cDNA synthesis was accomplished using IlLg total RNA, 1 ILl SMART IV 
oligonucleotide (5' -AAGCAGTGGTATCAACGCAGAGTGGCCATT 
ACGGCCGGG-3'), I ILl CDS 111/3' PCR primer (5'-ATTCTA-
GAGGCCGAGGCGGCC GACATG-d[ThoN-JN-3'; [N = A, G, C, or 
T; N-J = A, G, or q) following the manufacturer's instructions. Second-
strand cDNA synthesis used 2 0 of the first-strand cDNA, 2 ILl of the 5' 
peR primer, and 2 ILl of the CDS III/3' PCR primer, again following the 
manufacturer's instructions. Amplification was accomplished using a 
Gene Amp 9600 thermal cycler under the following conditions: 95 C for 
20 sec, then 95 C for 5 sec, and 68 C for 6 min for 20 cycles. Double-
stranded DNA amplicons were treated with Proteinase K (20 1Lg/ILI), 
digested with Sfi I restriction enzyme, and fractionated using a 
CHROMA-Spin-400 column to select larger (>200 kb) cDNAs following 
the manufacturer's instructions. Digested and fractionated cDNA was 
directionally ligated into the Sfi I-digested, dephosphorylated "-TriplEx2 
vector and packaged using Gigapack III Gold packaging extracts 
(Stratagene/Agilent, Santa Clara, California); titering revealed at least 1 
X 106 independent clones in the unamplified library. Plasmids containing 
cDNA inserts were recovered from the recombinant "-TriplEx phage using 
XLlBlue cells, and the library was amplified using XLlBlue cells to titers 
ranging from 109 to 1010 pfu/ml and stored at 4 C until used. 
Gel electrophoresis 
Sporozoite proteins were compared to tachyzoite and bradyzoite 
proteins using 2-dimensional (2D) difference in gel electrophoresis 
(DIGE). Equal amounts of protein extracted from sporozoites, tachy-
zoites, and bradyzoites as described above were labeled by CyDye DIGE 
fluors (size and charge matched) and co-separated by isoelectric focusing 
in the first dimension (pH 4-9) and SDS-PAGE on a single multiplexed gel 
in the second dimension (Applied Biomics, Hayward, California). After 
electrophoresis, the gel was scanned using a Typhoon image scanner, 
revealing the CyDye signals (Cy2 and Cy5) from the individually labeled 
T. gondii stages. ImageQuant (GE Healthcare, Piscataway, New Jersey) 
software was used to generate the CyDye image, followed by DeCyder 
software analysis (GE Healthcare Lifesciences, Piscataway, New Jersey) to 
locate and analyze multiplexed samples in the same gel. 
Two-dimensional gels resolving tachyzoite, bradyzoite, or sporozoite 
proteins as described above were subjected to Western blot and screened 
with swine sera from known oocyst-induced infections to identify 
sporozoite-specific antigens from T. gondii. Electroblotting was carried 
out on unfixed gels by transfer of proteins onto Immobilon (PVDF) nylon 
blotting membranes (Millipore) using a Novex gel transfer apparatus 
(Novex, San Diego, California) set at 40 V for 80 min in 25 mM Bicine, 
25 mM Bis-Tris, I mM EDTA, 20% methanol, and pH 7.2 blotting buffer. 
For Western blotting, the membranes were rinsed in 50 mM Tris buffered, 
0.85% saline (TBS), and unbound sites on the membranes were saturated 
with Detector Block solution (Kirkegaard and Perry, Gaithersburg, 
Maryland). The membranes were incubated in a pool of porcine sera 
(diluted 1:500) from 10 pigs with acute oocyst-induced T. gondii infection 
(positive MAT titer of 2: 1 :400; pool prepared from sera taken from week 4 
through week 12 post-infection [PI]). Horseradish peroxidase-{;onjugated 
goat anti-pig IgG (Sigma Chemical, St. Louis, Missouri) was used as the 
second-step antibody at a dilution of 1:800. Sporozoite, bradyzoite, and 
tachyzoite proteins recognized by porcine anti-T. gondii antibodies were 
visualized using the 4 CN membrane developer kit (Kirkegaard and 
Perry). Western blot images were captured using the ProExpress 
proteomics image acquisition system (Perkin Elmer, Boston, Massachu-
setts); spot matching and image analysis of the 2D Western blot images 
were accomplished using the PDQuest software system (BioRad). 
Differentially expressed protein spots in the sporozoite protein sample 
that were also immunoreactive in Western blots as described above were 
picked from the 2D gel and identified by peptide fingerprint mass mapping 
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(using MS data) and peptide fragmentation mapping (using MS/MS data). 
The MASCOT search engine was used to identify proteins from primary 
sequence databases, and retrieved accession numbers were used to search 
ToxoDB (http://www.toxodb.org/restrictedltoxoDBblast.shtml) for the 
full-length sequence (Gajria et aI., 2007). 
Polymerase chain reaction (PCR) primers were constructed from the 
amino acid sequence derived from the mass spectrometry and database 
searches (forward: CAA AGG GCT CAT GGA GAG AG; reverse: ACG 
CGT CTT TTG CTT CGT AT). PCR was performed using the primers 
listed above and DNA extracted from the sporozoite cDNA library. The 
amplicons produced were ligated into the pTriplEx2 plasmid vector using 
1.5 III of cDNA and following the vector manufacturer's instructions, then 
packaged into the A-phage vector and titered. Amplicons were sequenced 
on an ABI Sequencer Model 3100. Amplicons were labeled using a non-
radioactive digoxigenin (DIG) DNA labeling kit (Roche Applied Sciences, 
Indianapolis, Indiana) for use in library screening to isolate the full-length 
gene for protein expression using the kit manufacturer's protocol. The 
sporozoite cDNA library was plated onto LB-ampicillin plates overnight 
at 37 C and transferred to nitrocellulose filters. Filters were placed 
sequentially on filter paper soaked with 0.5 M NaOH, I M Tris-CI, and 
0.5 M Tris ClII.25 M NaC!, then dried at 80 C in a vacuum oven. Filters 
were probed with the DIG-labeled DNA probes described above in SSC 
hybridization buffer at 45 C, and positive clones were detected after 
fixation and hybridization by an anti-DIG antibody conjugated to 
alkaline phosphatase. Approximately 20 positive clones were identified 
and selected. Secondary screening resulted in selection of over 50 positive 
plaques, and 12 were sequenced to confirm the gene. 
The selected clones were diluted in lambda buffer, expanded in XLI 
Blue cells, and plated on LB agar at 40 C for 5 hr. Expression of the insert 
was induced in XLI Blue cells with IPTG-soaked nitrocellulose filters for 
4 hr. Filters were removed, blocked with TBS-Tween and I % gelatin, and 
immunologically screened using the pig sera from T. gondii oocyst-induced 
infection (described above). Positive results from the immunoscreen 
confirmed that the clones were reactive with the swine oocyst-induced 
infection sera. The identified gene was subcloned into the EcoRUHind III 
site ofpMal-c2 vector (New England Biolabs, Beverly, Massachusetts) for 
constitutive protein expression and was expressed as an N-terminal 
maltose binding fusion protein under the control of the lac repressor. 
Expression of the fusion protein was induced with IPTG, and the protein 
was purified using an amylose resin column, which binds to the maltose 
binding protein. The fusion protein was eluted from the column with 
10 mM maltose, and column fractions were analyzed at 280 nm to 
determine which fractions contained the fusion protein. The fractions of 
interest were pooled and concentrated using a centriprep spin column to a 
minimum of I mg/ml. The fusion protein was cleaved using Factor Xa and 
purified using DEAE-Sepharose ion exchange chromatography. One-
dimensional gel electrophoresis and Western blotting was carried out on 
the purified fusion protein using human and pig serum samples essentially 
as described above for 2D gels using 4--12% gradient Bis-Tris gels using 
SDS reducing sample buffer (I M Tris, pH 6.8, 10% SDS, 50% glycerol, 
1% 2-mercaptoethanol, and 0.2% bromophenol blue) for solubilization of 
protein. Goat anti-pig IgG and rabbit anti-human IgG or IgM (all HRP 
conjugated) were used as the second-step antibody in Western blots using 
pig or human primary sera as probes. 
Four-month-old Swiss-Webster mice (NIH) were separated into 20 
groups of 5 each and infected orally with the oocyst (50 mice) or 
bradyzoite stage (50 mice) of the ME-49 strain of T. gondii (Lunde and 
Jacobs, 1983). Blood was collected from the periorbital plexus and 
terminally by heart puncture 60 days PI. Serum was collected by 
centrifugation and diluted 1:100 before testing individually in Western 
blots against TgERP (from VEG strain) as described above. 
Sources of human serum 
Human sera were acquired from sources described below. Prior to 
receipt, standard serologic testing (the Sabin-Feldman dye test, biomer-
ieux direct agglutination assay, IgM and IgA ELISA, IgM ISAGA) to 
confirm acute and chronic T. gondii infection was conducted as previously 
described (Remington et aI., 2005) on sera from the pregnant Amish 
women, laboratory workers, mothers and their children who are part of 
the National Collaborative Chicago-based Congenital Toxoplasmosis 
Study (NCCCTS, Chicago, Illinois), and newborn children. Differential 
agglutination and avidity assays were also performed for pregnant women 
in the NCCCTS prior to receipt of sera (Remington et aI., 2005; McLeod 
et aI., 2006). Serologic tests using sera from persons in the Atlanta 
epidemic were as previously described (Teutsch et aI., 1979). 
In Group I, 6 of 23 (26%) laboratory employees were accidentally 
exposed to oocysts, which resulted in infection with T. gondii. These 
employees had been monitored for >2 yr by the Institutional Occupa-
tional Health Management Service (Beltsville, Maryland) and were known 
to be seronegative for T. gondii before the exposure. The serum was 
collected from these 6 employees beginning I mo after exposure and 
monthly until 8 mo PI. Sera from the 17 unexposed workers tested 
negative for T. gondii infection for 3 mo after the exposure event and 
subsequently were not tested for antibodies to T. gondii. Sera were tested 
in Western blots as described above. 
In Group 2, an outbreak of toxoplasmosis occurred in 39 individuals 
who were frequent visitors to a horse stable in Atlanta, Georgia, in 1977 
(Teutsch et aI., 1979). Thirty-seven of these individuals became ill and 
tested positive by an indirect fluorescent antibody test (IF A). Epidemi-
ological investigations revealed that the affected individuals were likely 
infected by ingestion of aerosolized oocysts from infected barn cats, as no 
common food sources were identified and meat was ruled out. Eleven of 
these sera were tested by Western blot for antibodies to TgERP as 
described above. IgM titers in the 11 sera ranged from 4.2 to > 10 (EIA 
IgM positive 2:2.0). Sera were collected between 78 and 149 days after 
onset of symptoms. Four additional sera of unknown infection date, 
which were unrelated to the stable outbreak, were provided with this 
group of sera. These 4 sera had no detectable IgM titer when tested but 
were IgG positive in the dye test and by IF A. These sera were considered 
to be from chronically infected individuals and were tested by Western 
blot for reactivity to TgERP in long-term infections. 
In Group 3, sera from 182 T. gondii seropositive Hispanic women of 
childbearing age (18-43 yr) from a highly endemic country were screened 
for antibodies to TgERP. Initial testing for antibodies to T. gondii was 
performed using the VIR-ELISA, anti-Toxo-IgG (Viro-Immun Labor-
Diagnostika GmbH, Oberursel, Germany). Infection dates for these 
individuals could not be definitively established; however, the avidity 
index of IgG-positive samples was determined using a commercial solid-
phase enzyme immunoassay (T. gondii IgG Avidity EIA, Ani Labsystems 
Ltd., Vantaa, Finland). The avidity index was calculated based on 
titration curves for controls and samples. Results were interpreted as 
follows: avidity index < 15% is suggestive of acute infection, 15-30% is 
suggestive of primary infection during the last 6 mo, and> 30% excludes 
primary infection within the last 3 mo. Testing for reactivity to TgERP 
was performed using Western blots as described above and by ELISA. For 
the ELISA, TgERP (uncleaved with Factor Xa) was diluted to a 
concentration of 2 Ilg/ml in 0.1 M carbonate buffer, pH 9.6. ELISAs 
were carried out essentially as described by Gamble et al. (2005). 
Reference positive and negative controls were established using a pool 
of the 6 seropositive samples (PI) and a pool of 6 seronegative samples 
(P2) from Group I. ELISA ODs were determined for 20 replicates of PI 
and P2, and a mean OD was determined for each (Plr and P2r). PI and P2 
were included on each plate, and a corrected OD value was calculated for 
each sample using the formula as described: corrected OD = (OD sample 
- ODP2) X ODPIr/ODPI + ODP2r. A positive cutoff was established 
(OD 0.300) as ODP2r + 3 times the standard deviation from ODP2r. 
Plates were read at 405 nm using a Vmax ELISA reader. 
In Group 4, within an Amish family of 8 persons from Lancaster 
County, Pennsylvania, an infant was born with congenital toxoplasmosis 
and was enrolled in the NCCCTS. As a result, the entire family submitted 
sera for testing to determine if other family members were infected with T. 
gondii. All family members, with the exception of a 2-yr-old sibling of the 
congenitally infected child, were seropositive. While the family's meat was 
always well cooked, cats were observed in their vegetable garden, hen 
house, and near a sandbox in which the children played. No data were 
otherwise available to determine how the family became infected. Sera 
were obtained within 3 mo of the birth of the congenitally infected child. 
These sera were stored at -80 C and tested in Western blots for the 
presence of antibodies to the recombinant TgERP. 
In Group 5, 76 acutely infected mothers in the NCCCTS who 
transmitted T. gondii to their fetuses in utero provided their sera for 
testing near the time their infected child was born between 1981 and 1999. 
These families and diagnosis of acutely acquired and congenital infection 
in their children has been previously described in other publications of the 
NCCCTS (McAuley et aI., 1994; Swisher et aI., 1994; Roizen et aI., 1995; 
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FIGURE I. Protein extracted from (A) bradyzoite (bz), (8, E) sporozoite (sz), and (D) tachyzoite (tz) stages of VEG strain T gondii spots resolved on 
2D-DIGE gels, pH range 4-9 in the first dimension, and 4-12% SDS gradient gel in the second dimension. Protein samples from (C) bz and sz or (F) tz 
and sz T gondii stage labeled with Cy2 (green; tz, bz) or Cy5 (red; sz). Equal concentrations of proteins from each stage were mixed loaded onto a 2D-
DIGE gel for analysis. Stage-specific proteins from the bz or tz stage resulted in a green spot, proteins specific to the sz stage resulted in a red spot, and 
shared proteins resulted in a yellow spot. Sporozoite-specific protein selected from gel for assay development is indicated by an arrow. Molecular weight 
bars on left: (A, D) top, 150 kD; center, 30 kDa; and bottom, 14 kDa. 
Mets et a!., 1996; Patel et a!., 1996; Brezin et a!., 2003; Boyer et a!. , 2005; 
Remington et aI., 2005; McLeod et a!., 2006; Roizen et a!. , 2006; Arun et 
a!., 2007; Benevento et a!., 2008; Jamieson et a!., 2008; Phan et a!., 2008a, 
2008b). Three of the mothers described above acquired acute toxoplas-
mosis during an epidemic of toxoplasmosis in Victoria, British Columbia, 
Canada, that occurred from 1994 to 1995. This epidemic was attributed to 
oocysts from feral cats contaminating the drinking water of the city of 
Victoria; however, I of the 3 mothers had eaten rare meat during this time 
(Isaac-Renton et a!., 1998). 
In Group 6, sera from 114 pregnant women from the Lancaster County 
Amish community, many with similar risk factors as the Amish family 
described previously, were screened for IgG and IgM antibodies 
(Remington et aI., 2005) to T gondii during their pregnancies. Fifty-five 
(48%) had no antibody (these were considered seronegative controls), 59 
(52%) had IgG antibody only (these were chronically infected persons), 
and I of those with IgG antibody also had IgM antibody to T gondii. No 
specific infection date could be determined for these individuals. 
Sera from the 55 seronegative Amish persons (Group 6), 60 seronegative 
persons involved in studies of gastrointestinal nematode infection or 
inflammatory bowel disease, and 17 sera from the T gondii- negative 
laboratory personnel (Group I), were used as negative controls to validate 
the results of the Western blots. All sera used in the study were coded and 
tested in a blind manner. 
RESULTS 
Reproducible 2D electrophoresis protein maps were produced 
using proteins isolated from T. gondii sporozoites, tachyzoites, 
and bradyzoites. DIGE analysis revealed >20 protein spots that 
were unique to the sporozoite protein sample as compared with 
the bradyzoite or tachyzoite protein samples (Fig. 1). Western 
blot analysis of identical 2D gels probed with sera from the lO 
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FIGURE 2. Western blot of T. gondii- extracted sporozoite proteins 
resolved on 2D gel, pH 4- 9 in the first dimension, and 4-12% SDS 
gradient gel in the second dimension. Proteins were transferred to PVDF 
nylon blotting membrane and incubated in a pool of porcine sera (diluted 
I :500) from 10 pigs with acute oocyst-induced T. gondii infection, followed 
by horseradish peroxidase--<:onjugated goat anti-pig IgG. Immunoreac-
tive, sporozoite-specific protein identified in DIGE gel was spot matched 
and selected from identical 2D gel for assay development and is indicated 
by an arrow. 
pigs infected p.o. with ~ 1,000 oocysts revealed a protein spot in 
the 10-12 kDa range matching a sporozoite-specific spot 
appearing in the DIGE gel from the sporozoite preparation; this 
spot was excised from the DIGE gel for further analysis (Fig. 2). 
The spot was not seen on Western blots from the sporozoite 
preparation probed with sera from pigs with tissue cyst-induced 
infection, and it was not seen in DIGE-resolved protein 
preparations from tachyzoites or bradyzoites. Analysis of the 
selected spot by peptide fingerprint mass mapping and peptide 
fragmentation mapping provided a partial amino acid sequence 
for this protein. Searching the non-redundant database with 
Mascot and ToxoDB identified the antigen as an 11 Kda 
sporozoite protein related to embryogenesis (TgERP, Fig. 3A). 
TgERP corresponds to gene model "TGVEG_027520" in 
ToxoDB and XP _002370433 in NCBI (INV 20-MA Y-2009) and 
is annotated as "a putative late embryogenesis abundant domain-
containing protein." Expression data in sporozoites and func-
tional analysis are not currently available. 
Expression and purification followed successful subcloning into 
the pMal 2-plasmid expression vector (Fig. 3B, C). Western blots 
were carried out to ensure continued serological reactivity of the 
expressed protein. The TgERP was initially probed in Western 
blots with sera from pigs with T. gondii oocyst-induced infection 
(sera collected 4--12 wk PI) to confirm serological reactivity. 
Results indicated continued reactivity of TgERP with pig sera 
derived from animals infected with T. gondii oocysts, and no 
reactivity with sera from pigs with tissue cyst-induced infections 
or un infected control pigs (Fig. 3D). Antibodies were detectable 
in pigs with oocyst-induced infection for 6-8 mo after initial 
infection. Sera collected 60 days PI from mice infected with 
bradyzoites of the ME-49 strain of T. gondii showed no reactivity 
to the recombinant protein in Western blots, while sera from mice 
infected with the oocyst stage of the parasite strongly recognized 
the protein (Fig. 3F). 
Reactivity of TgERP with human sera was tested by Western 
blot initially with sera from people in Group 1 described above, 
since 6 members of this group of serologically monitored laboratory 
workers were known to have become infected with T. gondii oocysts 
on a specific date (Fig. 4A-C). The 6 infected individuals developed 
IgM and IgG antibodies that recognized TgERP within 1 mo of 
infection; IgG antibodies were detectable in the individual sera for 
5-6 mo and weakly in I individual for 8 mo (Table I). 
Sera collected from 11 visitors to the riding stable in Atlanta 
(Group 2) were screened for anti-TgERP antibodies using 
Western blots (Fig. 4D). Nine (82%) of 11 individuals thought 
to have been infected with oocysts had detectable antibodies to 
TgERP. Of the 2 patients that did not have detectable antibody to 
TgERP, the serum sample had been collected from 1 patient 
approximately 5 mo after the initial detection of the outbreak. No 
detectable antibody to TgERP was found in the 4 sera from 
chronically infected individuals included with this group. 
Sera from 182 T. gondii-seropositive Hispanic women of 
childbearing age (Group 3) were tested for the presence of antibody 
to TgERP by Western blot and ELISA. The IgG avidity index 
suggested that, overall, 63% of the infections (114) were classified as 
chronic (avidity index > 30%), while 37% (68) were classified as 
recent or acute (avidity index < 30%). Overall, 60 of the 182 tested 
sera had detectable antibody to TgERP in the Western blot (33%), 
while 122 were seronegative. Twenty-nine of the 60 Western blot 
positive sera were classified as acute in the IgG avidity test (48%), 
while 31 were classified as chronic (52%). In the ELISA, 44 of the 182 
tested sera had detectable antibody to TgERP (24%). Twenty-three 
of the 44 ELISA positive sera were classified as acute in the IgG 
avidity test (52%), while 21 of 44 sera were classified as chronic (48%). 
Six (75%) of the 8 Amish family members (Group 4) had 
detectable antibodies to TgERP in Western blots. The congeni-
tally infected child and a seronegative 2-yr-old sibling did not 
have detectable antibody to the recombinant protein. 
Sera from 76 mothers (Group 5) of children who contracted 
toxoplasmosis congenitally were evaluated by Western blot. Sera 
were obtained from the women within 2.5 mo of the time their 
infected children were born. Detectable antibody to TgERP was 
found in 59 (78%) of these sera; all 3 sera from mothers involved 
in the Victoria outbreak were positive. 
Sera collected from 58 chronically infected persons with IgG, 
but not IgM antibody, and 1 with both IgG and IgM antibody to 
T. gondii (and no determined infection date [Group 6]) had no 
detectable antibody to TgERP. Fifty-five seronegative persons 
from Group 6, 60 seronegative GI nematode/IBD patients, and 17 
seronegative coworkers from the laboratory outbreak (Group 1) 
had no detectable antibody to TgERP. 
DISCUSSION 
Serological methods currently in use for diagnosis or epidemi-
ological surveys of toxoplasmosis in humans and animals utilize 
whole, fixed tachyzoites, solubilized native tachyzoite proteins, or 
recombinant tachyzoite proteins (Barberi et a!. , 2001 ; Chen et a!. , 
2001; Dando et a!. , 2001 ; Roberts et a!. , 2001 ; Gamble et a!. , 
2005). These assays, though effective for detection of exposure to 
T. gondii, are not useful for determining the infection route. 
Available evidence for the oocyst infection route in humans is 
based entirely upon epidemiological surveys. In certain areas of 
Brazil, approximately 60% of 6- to 8-yr-old children have 
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FIGURE 3. (A) MS/MS results from analysis of 11 kDa protein spot excised from DIGE 2D gel from which the partial amino acid sequence for the 
sporozoite protein was derived. (B) Amino acid sequence of TgERP as translated from DNA sequence of selected immunoreactive clone. (C) Coding 
sequence of TgERP. (D) Individual results of one-dimensional Western blots using sera diluted 1: 100 from 10 pigs (lanes 1-10) with oocyst- or 10 pigs 
(lanes 11- 20) with tissue cyst-induced T. gondii infection, usingll kDa sporozoite-specific protein as antigen. Antibody persisted ~6-8 mo in pigs. (E) 
Western blot of T. gondii total sporozoite protein extract. Lane 1: human sera from Group 2, T. gondii outbreak investigated by the CDC (EIA IgM 
positive = 4.2); lane 2: serum from pig experimentally infected with T. gondii oocysts; lanes 3 and 4: T. gondii tachyzoite total protein extract probed with 
(lane 3) human sera from Group 2, T. gondii outbreak investigated by the CDC (EIA IgM negative) and (lane 4) serum from pig experimentally infected 
with T. gondii tissue cysts. (F) Western blot of VEG strain TgERP with individual sera collected 60 days PI from mice infected with (A) oocysts or (B) 
bradyzoites, of the ME-49 strain of T. gondii. 
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FIGURE 4. Western blots were carried out using human sera and the 
Factor Xa cleaved-fusion protein purified over a DEAE sepharose column 
(purified TgERP insert). (A) Lane 1: Factor Xa-cleaved, DEAE column 
purified pMal-c2 vector without the TgERP insert. Lanes 2- 7: purified 
insert, probed with individual sera from Group 1, 6 people from 
laboratory outbreak resulting from oocyst ingestion. Sera collected 
6 weeks PI. (B) Left: purified insert, probed with pooled sera from 4 
chronically infected persons from Group 2. Right: same, probed with 
pooled sera from 6 Group I individuals, 12 weeks PI. (C) Purified insert, 
probed with pooled sera from 6 Group I individuals, 5 months PI. (D) 
Purified insert, lanes 1- 9, probed with sera of 9 people from stable 
outbreak (Group 2), and lanes 10-12, probed with sera of 3 IgM-positive 
women from Group 3. 
antibodies to T gondii putatively linked to the ingestion of 
oocysts from an environment heavily contaminated with T gondii 
oocysts (Bahia-Oliveira et aI., 2001). One of the largest recorded 
outbreaks of clinical toxoplasmosis in humans in North America 
was epidemiologically linked to drinking water from a municipal 
water reservoir in Victoria, British Columbia, Canada (Isaac-
Renton et aI., 1998). This water reservoir was thought to be 
contaminated with T gondii oocysts excreted by cougars (Felis 
concolor) (Aramini et aI., 1998, 1999). Three sera from this 
outbreak were evaluated in this study. 
Similarly, human infections resulting from consumption of 
infected meat products are difficult to enumerate. Previous studies 
have suggested that consumption of undercooked meat products 
containing T gondii tissue cysts may account for a significant 
proportion of T gondii infections in humans in the United States 
(Mead et aI., 1999; Roghmann et al., 1999). Dubey et a1. (2008) 
found that 25% of slaughter lambs from the mid-Atlantic states 
harbored T gondii tissue cysts; however, lamb is considered an 
insignificant source of T gondii infections in humans in the 
United States (Smith, 1993), since relatively little lamb is eaten 
by U.S. consumers (http://www.nass.usda.gov/Publications/ 
Ag_Statistics/2006/CHAP13.pdf). In the United States, pigs are 
generally thought to be the most common source of tissue cyst-
acquired T gondii infection in humans, In I study, viable T gondii 
was isolated from 17% of 1,000 adult pigs (sows) from a slaughter 
plant in Iowa (Dubey et aI., 1995). In a recent nationwide survey 
of retail chicken, beef, and pork in the United States, only pork 
was found to harbor viable T gondii tissue cysts (Dubey et aI. , 
2005). Viable tissue cysts were isolated from 0.38% of pork 
samples, and 0.57% of samples had antibodies to T gondii. The 
northeastern United States had a higher number of positive pork 
samples than other regions of the country, reflecting the higher 
risk of pig infection due to regional management practices. The 
low prevalence of T gondii infection in pork reported in Dubey et 
al. (2005) does not support the contention that pork contributes 
significantly to human infection in the United States. However, in 
a separate study, associations were found between consumption 
of raw, or undercooked, meats and T gondii infection (Jones et 
al.,2009). 
In the present study, we have utilized tandem mass spectroscopy 
in combination with 2D DIGE and Western blot analysis to 
identify a sporozoite protein (TgERP) that elicits antibody in 
animals (pigs, mice) and humans that are exposed to sporulated 
oocysts. No serological assays currently exist that utilize sporozoite 
proteins as a source of diagnostic antigens, though stage-specific 
antigens have been previously described from tachyzoites, brady-
zoiles, and sporozoites (Lunde and Jacobs, 1983; Kasper et aI., 
1984; Kasper, 1989; Ornata et aI., 1989; Tomavo et aI., 1991 ; 
Appleford and Smith, 2000; Weiss and Kim, 2000). Here significant 
differences were seen in expressed protein profiles between life cycle 
stages that could be exploited to differentiate oocyst-induced 
infection from other infection routes in the Western blot assay. 
Since only a relatively small subset of expressed proteins in each of 
the life cycle stages is serologically recognized by an infected host, 
selection of useful biomarkers is simplified significantly. 
One problem with selecting useful biomarkers for differentia-
tion of human routes of infection is the lack of availability of 
human sera from individuals with T gondii infections known to 
have resulted from consumption of tissue cysts in infected meat. 
Few outbreaks known to have resulted from this infection route 
have been investigated (Sacks et al., 1983; Choi et al., 1997; Ross 
et aI., 2001), and sera from these patients were unavailable. 
Consequently sera from pigs that were experimentally infected 
with oocysts or tissue cysts were used to identify the sporozoite 
protein initially in 2D Western blots, and then from the 
sporozoite cDNA library for protein expression and purification. 
Comparisons of protein recognition profiles in one-dimensional 
Western blots with human and pig serum from known oocyst-
induced infections using extracted whole sporozoites as the 
antigen, or serum from chronically infected humans and tissue 
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TABLE 1. Human study groups, exposures, detectable antibody to TgERP. 
Known exposure N with detectable 
Group Description Number Congenital* Oocyst Tissue cyst antibodyltotal (%) 
Group 1 Lab outbreak 6 0 6 known 0 6/6 (100%) 
Uninfected coworkers 17 0 0 0 0/17 (0%) 
Group 2 Atlanta outbreakt 11 0 11 suspected Unknown 9/11 (82%) 
4 unrelated sera, chronically infected 4 Unknown Unknown Unknown 0/4 (0%) 
Group 3 Hispanic women, tested by: Western blot 182 Unknown Unknown Unknown 60/182 (33%) 
ELISA 44/182 (24%) 
Group 4 Amish family 8t Unknown Unknown 6/8 (75%) 
Group 5 NCCCTS mothers 73 Unknown Unknown Unknown 56/73 (78%) 
Victoria epidemic§ 3 0 3 suspected 0 3/3 (100%) 
Group 6 Chronically infected women 59 Unknown Unknown Unknown 0159 (0%) 
Seronegative cohorts 55 Unknown Unknown Unknown 0155 (0%) 
Seronegative persons GI nematodelIBD patients 60 0 0 0 0/60 (0%) 
Group 1, laboratory coworkers 17 0 0 0 0/17 (0%) 
Group 6, seronegatives 55 0 0 0 0155 (0%) 
• Unknown = unknown exposure route. 
t Atlanta outbreak was reported previously (Teutsch et aI., 1979). 
t A congenitally infected infant in the NCCCTS study and her mother were index cases for this family cluster. All other family members were seropositive except one 2-yr-old, 
a sibling of index child. Meat was always well cooked before consumption. Cats frequented their vegetable garden and hen house. 
§ Mothers of 3 congenitally infected infants who were part of the Victoria, Canada, epidemic in 1995. 
cyst-induced infection in pigs using extracted bradyzoite proteins 
as the antigen, revealed similar antigen recognition patterns 
(Fig. 3E). These data suggest that antigen recognition by sera 
from pigs and humans with oocyst- or tissue cyst-induced 
infections are also similar, and that the lack of recognition of 
TgERP by tissue cyst-infected pigs may reflect a lack of 
recognition of this antigen by humans infected by tissue cysts. 
Further, all human (mouse and pig) infections result in 
exposure to tissue cyst antigens during the chronic infection 
phase. However, of 176 human sera tested from chronically 
infected individuals, (4 from Group 2, 114 from Group 3, and 58 
from Group 6), only 31 (17.6%) had detectable antibody to 
TgERP. Antibody to TgERP was not detected in sera from tissue 
cyst-infected pigs or in sera collected during the chronic phase of 
infection (>8 mo PI) from pigs infected with oocysts. In contrast, 
all 10 pigs experimentally infected with oocysts had detectable 
antibody to TgERP during the acute phase of infection «6 mo 
PI), as did 18 of 20 (90%) acutely infected people known (6 in 
Group 1) or suspected (11 in Group 2,3 in Group 5) to have been 
exposed to oocysts. In addition, of the 163 people with acute 
infection as defined by the presence of anti-T. gondii IgM or <30 
in the IgG avidity test (6 in Group 1, 11 in Group 2, 68 in Group 
3, 1 in Group 4, 76 in Group 5, and 1 in Group 6), 103 (63.2%) 
had detectable antibody to TgERP. The difference seen among 
these groups in the presence of detectable antibody to TgERP is 
significant (acute, 63.2% vs. chronic 17.6%; G test, P < 0.001, 1 
degree of freedom). Further, mice infected with a heterologous 
strain (ME-49) and humans from widely separated geographic 
areas produced antibody that reacted with TgERP from the VEG 
strain, indicating that TgERP is not strain specific, making it 
useful for detection of oocyst infection from different sources. 
Antibody to TgERP was detectable for 6 to 8 mo in both pigs and 
humans, suggesting that TgERP, a putative late embryogenesis 
abundant domain-containing protein related to late embryogen-
esis, does not present a continuing immunological challenge. In 
contrast, antigens from tachyzoites and bradyzoites present an 
ongoing challenge to the host, and, therefore, antibody to these 
parasite stages persists indefinitely in the host. In totality, these 
data suggest that TgERP is specifically expressed in the 
sporozoite stage, and positive serology is emblematic of early 
infection and accurately reflects a unique exposure to the stage of 
the parasite that is contained within the oocyst. 
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DO COMMERCIAL SEROLOGIC TESTS FOR TRYPANOSOMA CRUZ/INFECTION DETECT 
MEXICAN STRAINS IN WOMEN AND NEWBORNS? 
Rubi Gamboa-Leon*, Claudia Gonzalez-Ramirez, Nicolas Padilla-Raygozat, Sergio Sosa-Estani:l:, 
Alejandra Caamal-Kantun, Pierre Buekens*, and Eric Dumonteil* 
Laboratorio de Parasitologfa, Centro de Investigaciones Regionales "Dr, Hideyo Noguchi", Universidad Aut6noma de Yucatan, 
Ave, Itzaes 490 x 59A, 97000, Merida, Yucatan, Mexico, e-mail: gleon@uadymx 
ABSTRACT: We sought to detennine the serological test that could be used for Trypanosoma cruzi seroprevalence studies in Mexico, 
where lineage I predominates, In a previous study among pregnant women and their newborns in the states of Yucatan and 
Guanajuato, we reported a 0,8-0,9% of prevalence for T cruzi-specific antibodies by Stat-Pak and Wiener ELISA. We have expanded 
this study here by performing an additional non-commercial ELISA and confinning the seropositives with Western blot, using whole 
antigens of a local parasite strain, We found a seroprevalence of 0,6% (3/500) in Merida and 0.4% in Guanajuato (2/488). The 5 
seropositive umbilical cord samples reacted to both non-commercial ELISA and Western blot tests, and only I of the maternal samples 
was not reactive to non-commercial ELISA, A follow-up of the newborns at 10 mo was perfonned in Yucatan to determine the 
presence of T cruzi antibodies in children as evidence of congenital infection. None of the children was seropositive. One newborn 
from an infected mother died at 2 wk of age of cardiac arrest, but T cruzi infection was not confirmed, The T cruzi seroprevalence 
data obtained with both commercial tests (Stat-Pak and ELISA Wiener) are similar to those from non-commercial tests using a local 
Mexican strain of T cruzi. 
Chagas' disease (American trypanosomiasis) is a parasltJc 
infection caused by Trypanosoma cruzi affecting 8-10 million 
people in Latin America (Schofield et aI., 2006) and is a major 
public health issue in Mexico (Dumonteil, 1999; Cruz-Reyes and 
Pickering-Lopez, 2006), There is an urgent need to accelerate the 
development of high-quality diagnostic tests for Chagas' disease 
(Medecins Sans Frontieres, 2008), In Mexico, most T. cruzi 
strains belong to lineage I (Bosseno et aI., 2002), while most tests 
have been developed for South America, where lineage II 
predominates, 
The state of Yucatan in the southeast of Mexico is in need of 
updated seroprevalence data, Population-based seroprevalence 
studies conducted in the 1970-1980s among different rural 
communities reported 11.2-18.0% prevalence of infection with 
T. cruzi (Farfan-Ale et aI., 1992; Zavala-Velazquez, 2003), In 
blood donors, a seroprevalence of up to 5,6% was also reported 
(Rodriguez-Felix et aI., 1995), However, these studies used small 
sample sizes and were based on a single immunofluorescence 
assay. In contrast, national serosurveys with much larger sample 
sizes reported a seroprevalence of 0,0-1.5% for the general 
population in Yucatan (Velasco-Castrejon et aI., 1992) and 1,7% 
in the blood donors (Guzman Bracho et aI., 1998), 
In the state of Guanajuato, located in the center of Mexico, a 
study of the distribution of Chagas' disease vectors showed that 
the presence of Triatoma barberi represents a risk for vector 
transmission in the state, with an estimated 3,500 new cases per 
year and an overall seroprevalence of 2,6% (Lopez-Cardenas et 
aI., 2005). The national survey reported a seroprevalence of 0.1-
0.4% for the state (Velasco-Castrejon et aI., 1992). 
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Pregnant women with Chagas' disease can transmit T. cruzi to 
their fetuses, In Mexico, calculations indicate that almost 155,000 
children under 5 yr of age could be infected and that 
approximately 40,539 women could be at risk of infecting 2,028 
fetuses with T. cruzi (Buekens et aI., 2008). To our knowledge, 
there has been just I case of congenital Chagas' disease reported 
in Mexico (Guzman Bracho et aI., 1998), However, a serological 
study of pregnant women and their babies in 2 hospitals of 
endemic regions (Chiapas and Veracruz) showed a T. cruzi 
seroprevalence of 4% among 145 women (Olivera et aI., 2006), 
In a previous study, we reported a 0,9% prevalence to T. cruzi-
specific antibodies by Stat-Pak rapid test (Chembio, New York, 
New York) in umbilical cord blood (UC) from 2 Mexican 
hospitals (Merida and Celaya), which was in close agreement with 
the 0,8% obtained with the Wiener ELISA in maternal (M) 
venous blood (ELISA Recombinant v, 3,0; Wiener, Rosario, 
Argentina) (So sa-Est ani et aI., 2008), A potential shortcoming of 
this study was that the commercial tests we used were not based 
on the Mexican strain. Indeed, it has been suggested that using 
tests based on local antigens could increase the sensitivity of the 
diagnosis (Sanchez et aI., 2001), Here, we present the results of 
additional analyses with a non-commercial ELISA test using 
whole antigens of the HI strain of T. cruzi, which belongs to 
lineage I (Bosseno et aI., 2000). Additionally, we performed a 
follow-up at least 10 mo after delivery on infants from Merida, 
Yucatan, who were positive for at least 2 of 3 diagnostic tests 
(non-commercial ELISA, Wiener ELISA, or Stat-Pak) in M 
blood and who had seropositive UC tests to determine the 
persistence of antibodies against T. cruzi as evidence of congenital 
infection. We also determined whether antibodies against T. cruzi 
were present among the infants' siblings, 
MATERIALS AND METHODS 
Study design and study populations: Hospital study 
We conducted a cross-sectional descriptive study in 2 endemic areas of 
T cruzi infection in Mexico, i,e" Hospital Materno-Infantil in Merida, 
Yucatan, which attends 5,097 childbirths per year (15% of the childbirths 
statewide), and Hospital General in Celaya-Guanajuato, which attends 
5,000 childbirths per year (45% of the childbirths countywide), The 
inclusion criteria were women 2:18 yr old at the time of delivery, having 
single live births, and who consented to participate, M and UC samples 
were obtained from each woman who agreed to partIcIpate and her 
newborn, respectively. At the time of delivery, 5 ml UC blood were 
obtained with a syringe in vacutainer tubes with ethylenediaminetetraace-
tic acid (EDTA) as an anticoagulant. During the first 24 hr postpartum, 
5 ml of M venous blood were also collected in EDTA vacutainer tubes. 
Follow-up of seropositive cases 
Infants and their mothers from Merida, Yucatan, who were positive for 
at least 2 of 3 diagnostic tests (non-commercial ELISA, Wiener ELISA, or 
Stat-Pak) were followed at least 10 mo after delivery. We used the same 
tests as with seropositive newborns to determine the presence of antibodies 
against T. cruzi as evidence of congenital infection (Chagas' Stat-Pak and 
Wiener ELISA tests). We also determined whether antibodies against T. 
cruzi were present among the infants' siblings (newborns and children less 
thanl8 yr old). The follow-up of seropositive infants and mothers from 
Guanajuato was conducted by local authorities, and the results were not 
available for publication. 
Serologic tests to detect antibodies against T. cruz; 
The Chagas' Stat-Pak (Chembio Diagnostic Systems, Medford, New 
York) is a rapid immunochromatographic screening test for the detection 
of anti-T. cruzi antibodies in whole blood (Luquetti et aI., 2003; Ponce et 
aI., 2005). It uses a unique combination of T. cruzi recombinant antigens 
(Bl3, IF8, and H49/JL7), which are bound to the membrane, and a 
specific antibody-binding protein, which is conjugated to dye particles 
(Umezawa et aI., 2003). We also used a commercially available ELISA kit 
based on recombinant T. cruzi antigens (Chagatest ELISA Recombinant 
v. 3.0; Wiener Laboratories, Rosario, Argentina) (Caballero et aI., 2007), 
according to the manufacturer's instructions. 
We prepared a non-commercial indirect ELISA based on a whole 
parasite lysate from a local strain HI of T. cruzi (Cruz-Chan et aI., 2009). 
Briefly, 96-well microplates were coated with 2 Ilg/ml of T. cruzi 
epimastigote lysate in carbonate buffer (100 Ill/well) for 12 hr at 4 C. 
The plates were blocked to prevent false positive results by adding 200 J.Li 
of PBS buffer with 0.05% Tween 20 (PBST) and I % of bovine serum 
albumin (BSA) and incubated for I hr at 37 C; they were then washed 3 
times with PBST. Plasma samples were diluted 1:100 in PBST with 0.3% 
BSA, and 100-111 aliquots of diluted plasma were placed in each well. 
Positive and negative controls samples were diluted I :20, and 100-J.Li 
aliquots of the controls were deposited in each well. The microplates were 
then incubated I hr at 37 C and washed 5 times with PBST. Anti-human 
IgG conjugated to peroxidase (goat anti-human IgG-HRP conjugate) 
and diluted 1:4,000 in PBS was added to the wells and incubated for 
30 min at 37 C. Plates were washed 5 times with PBST and once with 
PBS. O-phenyldiamine substrate (0.5 mg/ml) dissolved in citrate buffer 
pH 5.0 was added, and plates were incubated for 40 min at 37 C; the 
reaction was stopped by adding 2 N sulfuric acid. The optical density 
readings were performed in an ELISA reader at an excitation wavelength 
of 490 nm. 
All cases with at least I seroreactive test were tested by Western blot 
(WB). Parasites from T. cruzi isolate HI were harvested by centrifugation 
(800 g for 5 min at room temperature), washed in PBS buffer, and lysed 
with Laemmli sample buffer with a protease inhibitor cocktail. The 
samples were then boiled 5 min prior to loading on the gel; 10% SDS-
PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) and 
proteins were blotted to nitrocellulose membranes. The membranes were 
blocked with TBST (Tris buffered saline Tween 20; 10 mM Tris HCI, 
150 mM NaCI, 5 mM Tween 20, pH 8.0, and I % nonfat milk) for 30 min 
at room temperature, incubated overnight at 4 C with serum samples, and 
diluted 1:100 in milk-TBST-nonfat milk, which was followed by 3 washes 
with TBST. Afterward, membranes were incubated with anti-human IgG, 
conjugated to alkaline phosphatase (AP), washed 3 times with TBST, and 
developed with nitro-blue tetrazolium chloride (NBT) and 5-bromo-4-
chloro-3' -indolyl phosphate p-toluidine (BCIP). 
In addition to positive and negative controls, a conjugated anti-IgG 
human control was used to discard unspecific bands. Interpretation of the 
WB results was based on established criteria (Jimenez-Coello et aI., 2008). 
A serum sample was considered positive when it recognized at least 5 
antigenic bands from a group of 10 with the highest frequency of 
recognition; the result was considered indeterminate when the sample 
recognized I to 4 antigenic bands and negative when the serum sample 
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showed no reactivity. Bands considered for diagnosis interpretation were 
different than those observed in the conjugate control. 
Collection and processing of samples for the follow-up study 
At the time we visited the families in their households, we drew 5 ml of 
venous blood from the mother. We immediately performed the Stat-Pak 
test on site using 10 III of whole blood and stored the remaining blood in a 
vacutainer EDT A tube. After transporting the blood samples to the 
laboratory, we separated the plasma in order to perform the Wiener 
ELISA and stored the rest of the plasma for future studies. We also 
obtained blood samples from the children by finger prick and used 10 III of 
blood to perform Stat-Pak tests on site. Another 100-111 sample of blood 
was collected in a capillary tube with heparin for the ELISA tests to be 
performed in the laboratory. 
Clinical and sociodemographic questionnaires 
Clinical and sociodemographic data were obtained from clinical records 
or by interviewing the mothers during their hospital stays. We also 
interviewed the seropositive mothers we followed up in Yucatan and 
collected the following information during household visits: type of 
housing; number of inhabitants; presence of pets or domestic animals; 
knowledge about the vector (pictures of Triatoma dimidiata were shown); 
and whether anyone in the home had been bitten by triatomine or had 
presented fever, tiredness, or chagoma (the bite wound). 
Ethical aspects 
The study protocol, with written informed consent, was approved by the 
Institutional Review Board of the Tulane University Health Sciences 
Center and the ethics committees of the respective collaborating 
institutions at the Autonomous University of Yucatan and the University 
of Guanajuato. We asked mothers to give informed consent in writing, 
and we asked for assent to participate from their children between 7 and 
18 yr of age. 
Statistical analysis 
We used Epidat v. 3.1 (Xunta de Galicia y Organizacion Panamericana 
de la Salud, 2006) to perform McNemar tests comparing 2 serological tests 
performed on the same patient. 
RESULTS 
We studied a total of 988 women, 488 in Celaya and 500 in 
Merida, and their newborns between September 2006 and 
February 2007. Table I shows that age was most frequently 
between 20 and 29 yr, and education was 7 or more years in both 
Celaya and Merida. More women were from urban areas in 
Celaya as well as in Merida. Parity (data were not recorded from 2 
women in Celaya), mode of delivery, and birth outcomes were 
also similar in the 2 study sites. 
We analyzed 988 maternal (M) samples and 988 umbilical cord 
(UC) samples. We found a seroprevalence of 0.6% (3/500) in 
Merida and 0.4% in Guanajuato (2/488), which was determined 
by 2 commercial serologic tests (Wiener ELISA and Chagas' Stat-
Pak). Table II shows the results we reported previously using 
commercial tests and the additional results from the non-
commercial ELISA. The seroprevalence for M samples was 
0.6% with the Stat-Pak, 0.8% with the Wiener ELISA, and 1.1 % 
with the non-commercial ELISA. For the UC samples, we found 
a seroprevalence of 0.9% with the Stat-Pak, 0.6% with the Wiener 
ELISA, and 0.5% with the non-commercial ELISA. There was no 
statistically significant differences (McNemar tests P > 0.05) 
between the results from Stat-Paks and Wiener ELISA versus 
non-commercial ELISA. Tables III and IV show the correspon-
dence between the 3 tests for M and UC samples, respectively, 
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TABLE I. Sociodemographic characteristics of mothers. 
Celaya Merida Total 
Variable 
Age group 
18-19 
20-29 
30-39 
40-90 
Total 
Education 
<7 yr 
"2:.7 yr 
Total 
Residence area 
Rural 
Urban 
Total 
Parity 
n 
90 
263 
122 
13 
488 
217 
271 
488 
188 
300 
488 
Primiparous 139 
Multiparous 347 
Total 486 
Gestational age (wk) 
18-31 3 
32-36 35 
37-50 450 
Total 488 
Type of delivery 
Vaginal 296 
Cesarean section 192 
Total 488 
Birthweight (g) 
<2,500 27 
2,500-2,999 102 
3,000-3,499 229 
3,500 or more 130 
Total 488 
(%) 
18.4 
53.9 
25.0 
2.7 
100 
44.5 
55.5 
100 
38.5 
61.5 
100 
n 
85 
326 
81 
8 
500 
217 
283 
500 
113 
387 
500 
28.5 179 
71.4 321 
100 500 
0.6 2 
7.2 33 
92.2 463 
100 498 
60.7 286 
39.3 214 
100 500 
5.5 33 
20.9 130 
46.9 231 
26.6 106 
100 500 
(%) 
17.0 
65.2 
16.0 
1.6 
100 
43.4 
56.6 
100 
n 
175 
589 
203 
21 
988 
434 
554 
988 
23.0 300 
77.0 688 
100 988 
35.8 318 
64.2 670 
100 986 
0.4 5 
6.6 68 
93.0 913 
100 986 
57.2 582 
42.8 406 
100 988 
6.6 58 
26.0 231 
46.2 462 
21.2 237 
100 988 
(%) 
17.7 
59.6 
20.5 
2.1 
100 
43.9 
56.1 
100 
30.4 
67.7 
100 
32.3 
67.7 
100 
0.5 
6.9 
92.6 
100 
58.9 
41.1 
100 
5.9 
23.4 
46.8 
24.0 
100 
together with the confirmation test by Western blot. Figure 1 
shows a WB gel of reactive samples (with lines) and 1 non-reactive 
sample (without lines). 
According to the Wiener ELISA and Stat-Pak tests, 3/4 
mothers who could be followed were still seropositive 10 mo 
after delivery (numbers 4002, 4458, and 4509), and their 
seropositivity was confirmed by WB, while 1 was seronegative 
at this time (4124). None of their children was seropositive at 
10 mo, nor were any of the siblings (n = 7). One newborn from a 
seropositive mother (4002) died of cardiac arrest in the second 
week after birth, apparently without presenting symptoms of 
Chagas' disease. Two of the 3 seropositive mothers had spent 
their childhood in other states of Mexico (Chiapas and Tabasco) 
that are highly endemic for Chagas' disease, and another mother 
lived in a house infested with triatomines. The ages of the 
seropositive mothers were 31, 26, and 27 yr, and they were all 
multiparous. The birth weights of their newborns were normal, 
between 3,000 and 3,499 g, and they each reached about 38-40 wk 
of gestational age. Two seropositive mothers had cesarean 
TABLE II. Prevalence of reactive samples in maternal and umbilical 
cord samples. 
n 
Maternal samples 
Stat-Pak 2 
Wiener 
ELISA 4 
Non-C 
ELISA* 4 
Celaya 
n = 488 
(%) 
0.4 
0.8 
1.0 
Umbilical cord samples 
Stat-Pak 5 
Wiener 
ELISA 
Non-C 
ELISA 
2 
2 
1.0 
0.4 
0.4 
n 
4 
4 
6 
4 
4 
3 
• Non-C ELISA = non-commercial ELISA. 
Merida 
n = 500 
(%) 
0.8 
0.8 
1.2 
0.8 
0.8 
0.6 
Total 
n = 988 
n (%) 
6 0.6 
8 0.8 
10 1.1 
9 0.9 
6 0.6 
5 0.5 
deliveries, and 1 had a vaginal delivery. The 3 mothers had 7 or 
more years of education. 
Table III shows the M results of the WB performed in samples 
that were positive from at least 1 of the tests (Stat-Pak, Wiener 
ELISA, or non-commercial ELISA). Four samples were positive 
from all 4 tests performed (4002, 4458, 4509, and 2511). Two 
samples that were positive with the Wiener ELISA test showed 
additional positive results only by WB (2473 and 3129). The 
sample that only reacted with the Stat-Pak did not react by WB or 
any other tests (4455). Most (4/5) of the samples that reacted only 
with the non-commercial ELISA did not react with WB (4030, 
2478,2505,3145), and only 1 sample (4106) that was seroreactive 
with the non-commercial ELISA also reacted with WB. All 
samples that reacted with both the Stat-Pak and Wiener ELISA 
reacted with WB (4002, 4458, 4509, 2430, and 2511), and similar 
results were obtained with the follow-up samples. In UC 
(Table IV), 1 sample that was positive by Wiener ELISA was 
additionally seroreactive only by WB (4106) (Table IV); however, 
TABLE III. Reactivity of IV mother samples at the time of delivery. 
Mother ID 
2430 
2473 
2478 
2505 
2511 
3129 
3145 
4002 
4124 
4458 
4509 
4030 
4106 
4455 
S-Pak* 
+ 
+ 
+ 
+ 
+ 
+ 
W ELISA" 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Non-C 
ELISA* 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
WB* 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
• S-Pak = Stat-Pak; W ELISA = Wiener ELISA; Non-C ELISA = non-commercial 
ELISA; WB = Western blot; + = positive test; - = negative test. 
TABLE IV. Reactivity of umbilical cord samples from newborns at the time 
of delivery. 
Non-C 
Newborn ID S-Pak* W ELISA* ELISA* WB* 
2031 + NRt 
2272 + NR 
2322 + NR 
2430 + + + + 
2473 NR 
2478 NR 
2505 NR 
2511 + + + + 
3129 NR 
3145 NR 
4002 t + + + + 
4030 NR 
4056 + 
4106 + + 
4124 NR 
4458 + + + + 
4509 + + + + 
4455 NR 
* S-Pak = Stat-Pak; W ELISA = Wiener ELISA; Non-C ELISA = non-commercial 
ELISA; WB = Western blot; + = positive test; - = negative test. 
t = the baby died of cardiac arrest in the second week after birth. 
t NR = not reported. 
in the follow-up study, this sample was seronegative by Stat-Pak 
and Wiener ELISA at 10 mo after birth. All UC samples that were 
positive with commercial Wiener ELISA and Stat-Pak tests were 
positive with the non-commercial ELISA test (4002, 4458, 4509, 
2430, 2511) and were confirmed by WB (Table IV). 
DISCUSSION 
We investigated the seroprevalence of T. cruzi infection in 
mothers and infants from 2 Mexican populations using serolog-
ical tests based on local antigens, since such tests may have a 
higher sensitivity compared to commercial serological tests. 
Overall, we found similar seroprevalence results with commercial 
and non-commercial tests and a reasonably good agreement 
between them. Importantly, no additional positive cases were 
identified using the non-commercial ELISA with WB confirma-
tion, compared to the use of the Stat-Pak rapid test and Wiener 
recombinant ELISA. The agreement between tests was greater for 
UC samples compared to IV samples, which showed more 
discrepancies. 
In this project, the Chagas' Stat-Pak test was selected for 
screening purposes because it is easy to use, provides rapid results, 
and can be processed on-site. We acknowledge that a few studies 
have reported a somewhat limited or even inadequate perfor-
mance of the Stat-Pak rapid test for evaluation of serum samples 
from certain regions, such as in Bolivia (Roddy et a!., 2008), Peru 
(Verani et a!., 2009), and southern Mexico (Dhiman et a!., 2009). 
This poor performance has often been attributed to antigenic 
differences of the T. cruzi strains circulating in these regions. 
Nonetheless, most other studies in diverse regions/countries 
including Bolivia, Honduras, Venezuela, and Argentina have 
found this test to perform very well (Luquetti et a!., 2003; Ponce et 
a!., 2005; Chippaux et a!., 2008; Ji et a!., 2009). Additionally, a 
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c+ c- CI- 1 2 3 4 5 
FIGURE I. Western blot analysis of epimastigote forms of the 
Trypanosoma cruzi HI strain recognized by mother samples from Merida 
(lanes 1-5). Positive controls serum from Chagasic patient (C+), negative 
control (C-), and a conjugated anti-IgG human control (CI -). Serum 
with positive reactivity (lanes 1-4): 4002, 4106, 4124, 4458, 4509. Sera with 
negative reactivity (lane 5): 4030. 
comparative evaluation of T. cruzi diagnostic tests using a panel 
of serum samples from 10 Latin American countries and covering 
most of the geographic range of endemic countries further 
confirmed the high sensitivity and specificity of the Chagas' 
Stat-Pak test (Otani et a!., 2009). 
In a recently published paper (Roddy et a!., 2008), the Chagas' 
Stat-Pak tested in Bolivia yielded high specificity (99%, 95% 
confidence interval [CI] = 98.4-99.4%), with 18/1,792 false 
positives results, but a low sensitivity (93.4%, 95% CI = 87.4-
97.1 %). Another study of the prevalence of Chagas' disease in 
southern Bolivia (Chippaux et a!., 2008), using the Stat-Pak, 
underestimated by 3.4% the overall prevalence in a sample of 995 
people. Although the divergences between the Chagas' Stat-Pak 
and the ELISA were not significant, the authors highlight the 
importance of performing a confirmation serological test. In a 
Spanish study of immigrants from Latin America, 25/224 (11.2%) 
samples were found to be reactive using the Stat-Pak test, but only 
3 of the samples were positive using both ELISA serological tests 
that were concordant in all cases (Soriano et a!., 2009). 
The sensitivity and specificity of serological tests that require a 
reading with the naked eye can change with each reader's criteria; 
this may be the cause of the different values obtained in different 
studies for the Chagas' Stat-Pak. Also, a recent multicenter study 
using a panel of serum samples from Mexico confirmed that the 
geographical origin of the serum samples and the use of T. cruzi I 
or II as a source of antigens did not affect the performance of 
serological assays, which included the Stat-Pak rapid test, as well 
as the Wiener crude extract and recombinant ELISAs (Luquetti et 
a!., 2009). However, as discussed by Otani et al. (2009), serum 
panels are often biased to include "consensus" samples, which 
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may falsely increase the sensitivity of the tests; as such, it remains 
important to further evaluate the tests in population studies. 
While several mothers were found to have been infected by T. 
cruzi, we did not find confirmed congenital cases in the infants at 
10 mo of age, or in their siblings. However, it must be noted that 
our sample size was small. Congenital transmission rates are still 
poorly known, but maternal-fetal transmission of T. cruzi 
generally occurs in 2-12% of infected pregnant mothers (Olivera 
et aI., 2006) and large-scale studies are thus needed to identify 
cases in Mexico. Nonetheless, the identification of T. cruzi-
infected mothers in these regions of Mexico suggests that 
surveillance programs should be designed for the prevention 
and treatment of congenital transmission cases (Buekens et aI., 
2008). 
Our study indicated a seroprevalence of T. cruzi infection in 
mothers of 0.8-1.2% in Merida, Yucatan, and 0.4-1.0% in 
Celaya, Guanajuato (Table II). For Yucatan, these data are very 
consistent with previous national serosurveys, which reported a 
seroprevalence of up to 1.5% for the general population in the 
1980s (Velasco-Castrejon et aI., 1992) and of 1.7% in blood 
donors (Guzman Bracho et aI., 1998). Importantly, this suggests 
that Chagas' disease epidemiology and transmission have not 
changed much in this region in the past 20-30 yr. Also, because 
most of the studied population lived in urban areas (80.6%), our 
data further confirm the importance of Chagas' disease testing in 
such urban areas, as suggested previously (Guzman-Tapia et aI., 
2007). In the case of Guanajuato, our seroprevalence data are 
somewhat higher than that of the previous national survey, which 
reported a seroprevalence of 0.1-0.4% (Velasco-Castrejon et aI., 
1992), but lower than some other estimates (Lopez-Cardenas et 
aI., 2005). In any case, these results clearly confirm the existence 
of a significant risk of transmission of T. cruzi in this state, in 
addition to others in Mexico, such as Chiapas, and warrant 
further epidemiological studies of Chagas' disease. 
In conclusion, our study confirmed the presence of T. cruzi 
infection in pregnant women from both urban and rural areas 
from Yucatan and Guanajuato States, Mexico. We also validated 
the use of Stat-Pak rapid tests and Wiener ELISA tests as the 
tools of choice for T. cruzi diagnosis in Mexico, because tests 
based on the Mexican strain with local antigens did not facilitate 
the identification of additional positive patients. Finally, our 
results strengthen the need for the design and implementation of 
preventive programs for the detection and treatment of cases of 
vertical transmission in these states, and most likely in the larger 
part of Mexico. 
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DIAGNOSTIC METHODOLOGY IS CRITICAL FOR ACCURATELY DETERMINING THE 
PREVALENCE OF ICHTHYOPHONUS INFECTIONS IN WILD FISH POPULATIONS 
Richard Kocan, Heather Dolan*, and Paul Hershbergert 
School of Aquatic and Fishery Sciences, University of Washington, Seattle, Washington 98195. e-mail: kocan@uw.edu 
ABSTRACT: Several different techniques have been employed to detect and identify Ichthyophonus spp. in infected fish hosts; these 
include macroscopic observation, microscopic examination of tissue squashes, histological evaluation, in vitro culture, and molecular 
techniques. Examination of the peer-reviewed literature revealed that when more than I diagnostic method is used, they often result in 
significantly different results; for example, when in vitro culture was used to identify infected trout in an experimentally exposed 
population, 98.7% of infected trout were detected, but when standard histology was used to confirm known infected tissues from wild 
salmon, it detected -50% oflow-intensity infections and -85% of high-intensity infections. Other studies on different species reported 
similar differences. When we examined a possible mechanism to explain the disparity between different diagnostic techniques, we 
observed non-random distribution of the parasite in 3-dimensionally visualized tissue sections from infected hosts, thus providing a 
possible explanation for the different sensitivities of commonly used diagnostic techniques. Based on experimental evidence and a 
review of the peer-reviewed literature, we have concluded that in vitro culture is currently the most accurate diagnostic technique for 
determining infection prevalence of Ichthyophonus, particularly when the exposure history of the population is not known. 
Epidemiologists rely on accurate assessments of both preva-
lence and intensity of infection to establish patterns of morbidity 
and mortality within populations. To do this, they employ 
sampling methods that accurately assess the number of mortal-
ities, as well as susceptible, infected, diseased, and recovered 
individuals in a population (Gordis 2000); the methods used vary 
with the pathogen being studied and the logistics of sample 
collection. 
A number of field studies have capitalized on the presence of 
Ichthyophonus sp. in different tissues of the piscine host to identify 
infected individuals, as well as establish and track infection 
prevalence in wild populations. These studies employed several 
methods of pathogen identification, including macroscopic 
examination of tissues (Anonymous 1993), microscopic visuali-
zation of tissue squashes (Holst, 1994; Rahimian and Thulin, 
1996), histological evaluation (Marty et aI., 1998; Kent et aI., 
2001; Conboy and Speare, 2002; Jones and Dawe, 2002), in vitro 
culture of tissue explants (Hershberger et aI., 2002; Kocan et aI., 
2004; Halos et aI., 2005), and polymerase chain reaction (PCR) 
using Ichthyophonus-specific primers (Whipps et aI., 2006). In 
those studies using more than 1 method for evaluating infection 
prevalence, it became apparent that different diagnostic methods 
produce significantly different results within the same population 
and even within the same individual. For example, microscopic 
examination of tissue squash preparations often detects higher 
infection prevalence than does macroscopic examination of the 
same tissues (Holst, 1994; Rahimian and Thulin, 1996). Likewise, 
70% (21130) of adult wild Pacific herring (Clupea pallasii) were 
positive for Ichthyophonus sp. by in vitro culture, but only 7% (2/ 
30) of the same fish were positive by conventional histological 
examination of heart, liver, and spleen tissue (Kocan et aI., 1999). 
The same authors reported a similar discrepancy between in vitro 
culture and histological values in experimentally infected herring 
where 100% were culture-positive, but only 10% were histolog-
ically positive. In a different study using a different species, 11 % 
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(33/302) of Puget Sound rockfish (Sebastes emphaeus) were 
positive by in vitro culture, while less than 1 % (11302) of the 
same fish were positive by histology in any tissue, and 0% 
exhibited visible lesions (Halos et aI., 2005). Using culture-positive 
and/or histologically positive cardiac tissue from infected 
Chinook salmon (Oncorhynchus tshawytscha) as reference sam-
ples, Whipps et al. (2006) detected between 43% and 50% of 
confirmed positive tissues by PCR and stated "light infection of 
Ichthyophonus hoferi was not detected as often as heavy infection 
when using PCR on a single tissue." 
All of the above studies demonstrate a significant difference 
between various diagnostic methods to accurately detect Ichthyo-
phonus spp.-infected fish. Because of the discrepancies in parasite 
detection sensitivity and the importance of obtaining accurate 
prevalence data for epizootiologic studies, we attempted to 
experimentally determine whether the reported discrepancies were 
real and, if so, what underlying factors result in underestimates of 
infected fish. As a model for evaluating the reported discrepan-
cies, we chose in vitro explant culture and histological evaluation, 
2 frequently used techniques that directly visualize the parasite in 
situ. To help explain what mechanism is responsible for the 
variable results, we used 3-dimensional (3-D) visualization of the 
distribution of the parasite in herring skeletal muscle. 
MATERIALS AND METHODS 
To evaluate the ability of in vitro explant culture to accurately detect 
Ichthyophonus spp.-infected fish, 3 groups of rainbow trout (Oncorhynchus 
mykiss) totaling 130 fish were experimentally exposed to Ichthyophonus 
sp., then sub-sampled 30 days post-exposure and examined by in vitro 
culture for the presence of Ichthyophonus sp. The fish were exposed by 
feeding minced tissues from infected trout twice over a 24-hr period, then 
maintained in flowing spring water at 15 C and fed commercial trout chow 
for 30 days, after which they were killed with an overdose of buffered 
tricaine methane-sulfonate (MS-222) and necropsied. A second unexposed 
group of 130 fish served as controls. During necropsy, the heart was 
aseptically removed from a sub-sample offish (n = 76) from both exposed 
and control groups and cultured in Eagles Minimal Essential Medium 
(MEM) supplemented with 5% fetal bovine serum and antibiotics 
(McVicar, 1982; Spanggaard et aI., 1994; Kocan et aI., 2004), incubated 
at 15 C for 21 days, then examined under 40x magnification for growth of 
Ichthyophonus sp. 
To experimentally evaluate the sensitivity of standard histological 
evaluation to detect known Ichthyophonus spp.-infected tissues, we 
retrieved formalin-preserved archived tissues of Chinook salmon known 
to be Ichthyophonus sp.-positive as determined by in vitro culture (Kocan 
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FIGURE I. Sector numbering system used for evaluating epidermal 
ulcers and Ichthyophonus cells in underlying skeletal muscle. 
et aI., 2004; Kocan and Hershberger, 2006), and re-evaluated them using 
conventional single plane histology. Two sets of naturally infected positive 
tissues were used. The first tissue set (n = 42) was collected in 2002 and 
2003 from Chinook salmon at the mouth of the Yukon River when the 
infection was at its earliest stages and the fish exhibited minimal clinical 
signs (Kocan et aI., 2004). A second set of positive tissues (n = 62) was 
collected between river-km 1,104 and 5,588 after the infection had 
progressed for an additional 2-3 wk and was clinically visible and 
disseminated to most tissues. 
Because the heart is the primary target organ for Ichthyophonus sp. in 
salmonids, clupeids, and cottids (Rand and Cone, 1990; Jones and Dawe, 
2002; Kocan et aI., 2004) and is often the only infected organ, it was used 
as the reference tissue for comparing the sensitivity of histology to in vitro 
culture. A 0.5-cm thick transverse section of tissue was removed from the 
apex of each infected heart and discarded; a second similar section was 
placed into 10% neutral buffered formalin for 48 hr, transferred to 70% 
ethanol, trimmed, and finally placed into standard tissue cassettes for 
routine histological processing. After embedding in paraffin blocks, 5-ILm 
sections were cut on a rotary microtome (American Optical, Buffalo, New 
York) and transferred to charged glass slides (Probe-On™, Fisher 
Scientific, Pittsburgh, Pennsylvania). Although Ichthyophonus sp. has 
neither chitin nor cellulose, it does stain positive (red-violet) with periodic 
acid Schiff (PAS) reagent because of the presence of polysaccharides 
(Rand, 1990). Tissues were considered histologically positive for 
Ichthyophonus sp. if they were morphologically consistent with previously 
published descriptions and were PAS-positive. 
To determine whether the distribution of the parasite within the host 
tissues influenced the ability of different techniques to detect the organism, 
we used an established tissue clearing method (Potthoff, 1984), in 
combination with histochemical staining, to obtain a 3-dimensional view 
of the parasite in situ, as well as determine the density of the parasite per g 
of muscle tissue. 
Wild Pacific herring were collected by gillnet from Cherry Point (Puget 
Sound), Washington. The entire heart was removed from each fish and 
cultured for 14 days in Eagle's Minimum Essential Medium (MEM) + 5% 
fetal bovine serum and antibiotics to identify Ichthyophonus spp.-infected 
individuals. From the culture-positive individuals 28 males (197 ± 
32.4 mm) and 41 females (197 ± 41.5 mm) exhibiting visible dermal 
ulcers, a clinical sign of Ichthyophonus sp., were selected for the study. 
Both sexes were included to avoid possible sex bias, not for comparative 
purposes. The left side of each fish was then divided into 6 sectors, with the 
lateral line serving as the dorsal-ventral division. One vertical line was 
drawn from the forward most point of the dorsal fin and a second line up 
from the forward most point of the anal fin, producing a pattern of 6 
sectors on the surface of each fish (Fig. I). The mean number and range of 
epidermal ulcers per sector was determined and analyzed with a 2-factor 
ANOV A (individual fish and ulcers per sector) to determine whether there 
was a difference in the distribution of ulcers among sectors as previously 
reported for infected Atlantic herring (Sindermann and Scattergood, 1954; 
Rahimian and Thulin, 1996). 
To evaluate parasite density in skeletal muscle, a 5-mm wide slice of 
muscle was cut from the middle of each sector and weighed to the nearest 
0.01 g. The fixed muscle tissue was cleared using a modification of 
Potthoff (1984) by eliminating the steps for staining of bone and cartilage, 
but retaining the tissue clearing steps. The muscle was then stained with 
PAS-Schiff reagent (Sigma-Aldrich, St. Louis, Missouri) to visualize 
Ichthyophonus sp. schizonts in the muscle. The total number of PAS-
positive Ichthyophonus sp. cells, as well as their distribution, was 
determined for each of the muscle tissue slices under 40x magnification, 
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TABLE I. Detection of infected fish by in vitro culture following 
experimental per os exposure to Ichthyophonus-infected tissue. 
Number 99% 
Confidence 
Exposure N* nt Positive % interval 
I 30 10 10 100 0.0 
2 40 36 35 97 7.3 
3 60 30 30 100 0.0 
Total 130 76 75 98.7 3.3 
Control 
30 10 0 0 nla 
2 40 36 0 0 n/a 
3 60 30 0 0 nla 
Total 130 76 0 0 nla 
• Population exposed. 
t Number cultured. 
then divided by the weight of the tissue sample to calculate the number of 
Ichthyophonus sp. cells per gram of muscle. The number of epidermal 
ulcers from each skin sector was then compared with the density of 
schizonts in the underlying muscle tissue. 
RESULTS 
In vitro detection of Ichthyophonus sp. in experimentally 
infected trout 
Of 76 trout sub-sampled from 130 experimentally exposed fish, 
98.7% (75/76) cultured positive for Ichthyophonus sp. (Table I). 
Two sub-samples were 100% culture-positive (30/30 and 10/10), 
and 1 was 97% culture-positive (35/36). None of the 76 unexposed 
control fish cultured positive for Ichthyophonus sp. after 21 days 
of incubation. 
Histological evaluation 
Single plane histology of 5-J..lm sections of cardiac muscle 
detected 74% (771104) of all culture-confirmed Ichthyophonus 
spp.-infected cardiac tissue from Chinook salmon. Early infec-
tions were detected in 55% of known infected tissues, while 
advanced infections (2- to 3-wk-older) were detected in 87% of 
known positive tissues (Table II). There was no difference in 
detection rate between 2002 and 2003, the 2 sample years (Fisher's 
Exact test; P = 0.441 and 0.476), but there was a difference 
between samples collected early and late in the salmon migration 
(alpha = 0.10; Fisher Exact test; P = 0.096). 
Ulcer distribution in skin versus schizont density in 
underlying skeletal muscle 
Epidermal ulcers were not uniformly distributed over the 
surface of the skin of infected herring, with sector 5 having the 
highest number of ulcers in both males and females. The mean 
number of ulcers per sector in all fish ranged from 3.3 to 26.3 
(Table III). Similarly, females had a higher mean density of 
schizonts per sector (160) in skeletal muscle compared with males 
(92), with the mean number of schizonts per sector for all fish 
ranging from 58 in sector 6 to 704 in sector 3 (Table IV). 
A 3-D visualization of muscle schizont distribution in situ from 
4 herring reveal the range of parasite distribution seen in 
Ichthyophonus-infected herring with advanced ichthyophoniasis 
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TABLE II. Correspondence between culture-positive Ichthyophonus-infect-
ed Chinook salmon tissues and single plane histology. 
Histology % 
Year N* positive Correspondence 
Early infections 
2002 15 7 47 
2003 27 16 59 
Total 42 23 55 
Advanced infections 
2002 25 23 92 
2003 37 31 84 
Total 62 54 87 
Grand total 2002 + 2003 104 77 74 
• Number of Ichthyophonus-infected samples confirmed by in vitro culture. 
(Fig. 2). There was a strong correlation between total epidennal 
ulcers and total schizont density in the skeletal muscle (R2 = 
0.759; P< 0.01), but the ulcers in individual sectors did not reflect 
the number of schizonts in the underlying muscle (Fig. 3). 
DISCUSSION 
Rationale 
McVicar (1999) observed, "there are serious difficulties in 
detennining the true prevalence of (Ichthyophonus) infection in 
natural populations." He postulated that this was due to non-
unifonn distribution of the parasite between geographic areas and 
within populations but did not consider the development and 
distribution of the parasite within the host. Because epidemio-
logical studies rely heavily on accurate infection/disease preva-
lence data, we attempted to compare several techniques for their 
suitability to accurately detect Ichthyophonus sp. infection in wild 
populations. 
In vitro detection of experimentally infected trout 
Similar to previously published studies, we demonstrated that 
in vitro explant culture is highly accurate in detecting Ichthyo-
phonus sp. infections. Because exposure history, duration of 
infection, and immunologic status of wild fish are unknown, it is 
difficult to evaluate the effectiveness of any technique to detect 
infections unless it has been previously tested using hosts of 
known infection/exposure history. By experimentally exposing 
TABLE III. Mean and range of epidermal ulcer density from Ichthyopho-
nus-infected Pacific herring (left side). 
Females (n = 41) Males (n = 28) Total (n = 69) 
Sector Mean Low High Mean Low High Mean Low High 
I 7.0 0 28 1.2 0 7 4.1 0 28 
2 10.6 0 42 6.7 0 56 8.6 0 56 
3 5.3 0 14 1.4 0 10 3.3 0 14 
4 20.8 0 52 3.5 0 13 12.1 0 52 
5 37.3 0 104 15.3 0 95 26.3 0 104 
6 7.2 0 25 3.4 0 21 5.3 0 25 
Mean 14.7 0.0 44.2 5.2 0.0 33.7 9.97 0.0 38.9 
TABLE IV. Mean and range of Ichthyophonus schizont density (cells/g) in 
herring skeletal muscle (left side). 
Females (n = 41) Males (n = 28) Total (n = 69) 
Sector Mean Low High Mean Low High Mean Low High 
199 0 1,092 242 0 668 212 0 1,092 
2 110 7 460 25 0 62 85 0 460 
3 300 73 3,622 82 0 496 704 0 3,622 
4 168 2 349 86 0 509 123 0 509 
5 94 0 287 98 0 445 96 0 445 
6 89 0 186 21 0 100 58 0 186 
Mean 160 14 999 92 0 380 213 0 998 
non-immune rainbow trout via a natural route (oral), then sub-
sampling and examining the fish, we were able to identify 98.7% 
of the infections (75/76) using in vitro culture. Because in any 
infected population some individuals will become subclinical 
carriers, others will become clinical cases, and some will escape 
infection entirely, it is highly probable that the single culture-
negative fish we observed simply did not become infected when 
exposed. However, even if the culture method failed in this one 
case, the accuracy was very close to the expected true infection 
prevalence. 
An advantage of in vitro culture is that it allows a live 
Ichthyophonus sp. cell to reproduce during incubation, thus 
significantly increasing the probability of detection. 
Histological evaluation 
In the present study, we used known Ichthyophonus spp.-
infected tissues and determined the accuracy of standard single 
plane histology to identify infected individuals. Similar to earlier 
reports, histological evaluation underestimated a significant 
proportion of known infected tissues, and the technique was 
especially poor at detecting low-level infections. The sensitivity of 
histological evaluation increased as infection progressed in a 
naturally infected population of Chinook salmon, identifying 55% 
of early infections and 87% after the infection had progressed for 
several weeks (Table II). 
Histological evaluation uses a section of tissue approximately 5-
IJ.lll thick, while explant culture uses up to 0.5 g of tissue (2,000-
5,000X greater mass), thus significantly increasing the probability 
of detecting low-level or pre-patent infections. 
Parasite distribution in skin versus schizont density in 
skeletal muscle 
We hypothesized that the differences observed between in vitro 
culture and histological evaluation of the same tissues might result 
from uneven distribution of the parasite within the host tissues. 
To test this notion, we examined the parasite in situ in herring 
skeletal muscle. Fish used for comparing parasite distribution 
within the host were selected by the presence of ulcers on their 
epidennis, an external clinical sign of Ichthyophonus sp. infection 
(Sindermann and Scattergood, 1954; Rahimian and Thulin, 1996; 
Hodneland et aI., 1997), which typically occurs late in the 
infection and has been referred to as "sandpaper skin." A wide 
range of variability was detected, ranging from as few as 0 ulcers 
per sector to > 1 00 per sector on the same fish. Although the 
FIGURE 2. Three-dimensional view 
of Ichthyophonus schizonts in situ from 
different Pacific herring. (A) Cluster-
ing of similar size schizonts in the dark 
muscle (arrow). (B) Random distribu-
tion of various size schizonts through-
out white muscle (arrows). (C) Low-
density of mature schizonts. (D) Clus-
tering of various sized schizonts in 
white muscle. Schizont diameter: 42-
Jlm to 117-Jlm (stain, PAS following 
clearing). 
ulcers contain numerous viable and infectious Ichthyophonus sp. 
cells (Kocan et a!., 20lO), they were not predictive of the density 
of Ichthyophonus sp. cells in the underlying musculature (Fig. 3). 
This lack of correspondence is further supported by the fact that 
many infected herring do not exhibit external lesions, even when 
the parasite is present in the underlying musculature. High and 
low tissue parasite density values presented in Table IV show that 
schizont density was as low as 0 in some sectors, while other 
sectors in the same fish had densities> 3,000 parasites per gram. 
In addition, we observed that in some fish the schizonts were 
randomly distributed throughout the white muscle, while in 
others they occurred in clumps or concentrated in the dark muscle 
under the skin in the vicinity of the lateral line (Fig. 2). This wide 
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FIGURE 3. Mean number of epidermal ulcers compared with parasite 
density per gram of skeletal muscle for each of 6 sectors. (Only fish with 
ulcers used for comparison). 
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variability of parasite distribution within the same tissue of a 
single fish likely accounts for differences in sensitivities among 
different diagnostic techniques. The age of the infection also 
influences the parasite burden, as well as distribution of the 
parasite among organs, thus making the selection of tissue for 
sampling a critical factor in accurately detecting infected 
individuals. Rand and Cone (1990) were unable to detect clinically 
infected fish, e.g., visible lesions, during the first week following 
experimental exposure of trout, but did detect infected individuals 
microscopically during the second week. By the sixth week post-
exposure, 100% of the fish exhibited visible gross lesions, thus 
demonstrating that the age of infection influences the probability 
of detecting this pathogen. 
For epidemiologists to accurately evaluate the impact of 
infection prevalence or intensity of infection on mortality rates, 
they must have accurate data on the proportion of infected 
individuals within a population. In light of this requirement, in 
vitro culture of Ichthyophonus sp. appears to be the most sensitive 
method for detecting the organism in living (or recently dead) 
individuals and should be considered the diagnostic standard. 
Histological evaluation, along with histochemistry, is best used to 
confirm the identity of the parasite and to determine cellular 
damage and host cell response, but it is not always suitable for 
accurately screening populations for Ichthyophonus sp. preva-
lence. Techniques such as observation of epidermal ulcers and 
tissue squash examination are useful for cursory field evaluation 
during ichthyophoniasis epizootics and associated fish kills where 
the intensity of infection is typically high but are likely to grossly 
underestimate true infection prevalence during non-epizootic 
periods. Likewise, observation of visible punctate or diffuse 
lesions on internal organs is most useful when the infection is 
mature but should be verified by the use of other more specific 
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techniques such as in vitro culture and histochemical staining. 
Molecular techniques such as peR are useful in revealing the 
presence of parasite nucleic acid and confirming presumptive 
diagnoses, but they cannot determine whether live parasites are 
present. 
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ABSTRACT: Evaluation of dairy calf feces is often used in research and for 
clinical decision making to assess severity of diarrhea. However, this has 
not been validated for agreement between dry matter content and 
observed fecal consistency. Therefore, a comparison of observed fecal 
consistency score to fecal percent dry matter and Cryptosporidium parvum 
oocyst shedding was performed to assess the accuracy of observational 
scoring as a measure of diarrhea and its association with number of 
oocysts shed. Fecal samples from 20 dairy calves experimentally infected 
with C. parvum oocysts were collected daily post-infection and scored on a 
scale from I to 4, with I being normal feces to 4 being severe diarrhea. An 
aliquot of each sample was analyzed for percent dry matter and 
Cryptosporidium oocyst counts by using immunofluorescent microscopy. 
Fecal consistency scores of 1,2,3, and 4 had median percent dry matter of 
20.9, 16.3,9.6, and 5.8, respectively. Using percent dry matter assessed by 
fecal consistency scoring were significantly different from each other (P < 
0.00 I). A higher fecal consistency score also was associated with a greater 
number of Cryptosporidium oocysts shed (P < 0 .0001). Scores of I, 2, 3, 
and 4 had median oocyst counts of 0, 0, 1.3 X lO6, and 2.8 X lO6, 
respectively. These results suggest that observational scoring is a useful 
proxy to assess diarrhea in dairy calves. 
In 1977, guidelines were suggested to standardize the measuring and 
reporting of data collected on calf performance (Larsen et aI., 1977). These 
guidelines include a 4-point scale to assess the fluidity of calf feces based 
on subjective observation, with increasing water content of the feces 
correlating to increasing numeric fecal score. Because fecal scoring 
guidelines have been widely used in a variety of studies (Naciri et aI., 
1999; Moore et aI., 2003; Jarvie et aI., 2005) and will probably continue to 
be used, an objective measurement is necessary to validate the precision of 
this method. In 2007, Le Jambre et al. (2007) examined a method to adjust 
worm egg counts for fecal moisture and further compared this to 
morphology of feces and an assigned fecal consistency score in sheep. To 
our knowledge, dry matter analysis of feces has not been performed in 
calves with protozoan infections. 
Cryptosporidium parvum is an apicomplexan parasite that can infect a 
variety of hosts, including dairy calves and humans, primarily causing 
diarrhea (Fayer, 2008). Cryptosporidium parvum is frequently diagnosed 
along with additional pathogens, e.g., rotavirus, in many calves with 
diarrhea. In dairy calves, C. parvum has been shown to be the 
enteropathogen most strongly associated with diarrhea (Trotz-Williams 
et aI., 2007). 
The primary objective of the present study was to determine the 
accuracy of fecal consistency scoring through observation as a reliable 
means of assessing the diarrhea in a calf compared with the percent dry 
matter. An additional objective was to determine whether fecal 
consistency scoring is descriptive of C. parvum oocyst shedding. 
Twenty neonatal dairy bull calves were purchased from a commercial 
dairy operation over the course of 2 mo. All calvings were attended by 
study personnel. Each calf enrolled in the study was obtained cleanly at 
birth. Toward this objective, the perineal region of the cow was washed 
with mild detergent to remove all fecal matter. Calves were delivered onto 
a clean plastic sheet or into a clean plastic cart, providing a barrier to 
contact with the surrounding environment. The calves were then removed 
to a clean area and given a thorough physical examination. Calves with 
normal physical exam parameters were enrolled in the study. Healthy 
calves that were exposed to fecal matter during parturition were not 
DOl: lO.1645/GE-2475.1 
enrolled. Enrolled calves were transported in a specialized vehicle designed 
to minimize contact between calves. Calves were housed individually in a 
biosecurity level-2 isolation facility. Each calf was fed 2 L of colostrum 
within 1-3 hr after birth (feeding I) and 2 L of colostrum 10-12 hr after 
birth (feeding 2). Calves were subsequently fed every 12 hr with a 
commercial milk replacer (Land O'Lakes, Inc., St. Paul, Minnesota) for 
dairy calves (22% protein, 20% fat) and provided water ad libitum. 
To produce reliable diarrhea, calves were infected with 1 X 104 C. 
parvum oocysts 24 hr after birth (feeding 3) via an oroesophageal feeding 
tube. The oocysts used to dose the calves were processed using a procedure 
that has been described previously (Jenkins et aI., 1997). In brief, feces 
were collected from naturally infected 6- to 14-day-old calves from a 
separate commercial dairy operation and processed by continuous-flow 
differential density flotation. They were stored until needed at 4 C in 
suspension with 100 U of penicillin G sodium per ml, 100 fig of 
streptomycin sulfate per ml, and 0.25 fig of amphotericin B per m!. The 
oocyst DNA was then genotyped as C. parvum by sequence and restriction 
fragment length polymorphism (RFLP) analysis via amplification of the 
small subunit (SSU) rRNA gene in a nested polymerase chain reaction 
(PCR) as described previously (Jiang et aI., 2005). In brief, the primary 
PCR step amplifies a fragment of approximately 1,325 base pairs, whereas 
the secondary PCR step results in a fragment of approximately 823 base 
pairs. In the primary PCR, the following forward and reverse primers were 
used, respectively: 5'-TTCTAGAGCTAATACATGCG-3' and 5'-CCCA-
TTTCCTTCGAAACAGGA-3'. In the secondary PCR, the following 
forward and reverse primers were used, respectively: 5'-GGAAGGGTT-
GTATTTATTAGATAAAG-3' and 5'-CTCATAAGGTGCTGAAGG-
AGTA-3'. 
Before inoculation, oocysts were counted using a hemocytometer and 
viability tested using a dye permeability assay as described previously 
(Campbell et aI., 1992; Anguish and Ghiorse, 1997; Jenkins et aI., 1997). 
Viable oocysts were the sum of 4',6-diamidino-2-phenylindole-negative 
(DAPI-) propidium iodide-negative (PI-) oocysts and DAPI-positive 
(DAPI+) PI- oocysts; DAPI+ PI+ oocysts were considered inactivated 
(Jenkins et aI., 1999). Each inoculum was administered in a 5-ml dose 
containing 1 X lO4 viable C. parvum oocysts in reverse osmosis water via 
an oroesophageal feeding tube. This was followed by 120 ml of water to 
ensure each calf received an accurate number of oocysts. 
Fecal samples were manually collected via digital stimulation of the 
calf's rectum into fecal collection cups once daily at 24-hr intervals for the 
duration of the 16-day observation period. Each fecal sample was scored 
on a consistency scale from 1 to 4 at the time of collection. A score of 1 
indicated normal feces that retain their form and may be pasty but did not 
flow across the surface of the fecal collection cup. A score of 2 indicated 
mild diarrhea that was able to flow slowly across the surface. A fecal score 
of 3 denoted moderate diarrhea able to flow easily across the surface 
leaving adherent material. Feces with a score of 4 indicated severe 
diarrhea, leaving little or no residue when flowing across the surface of the 
fecal cup. If no feces had been produced by the calf at the time of 
collection, a score of 5 was indicated in the record. A pictorial scoring 
guide was provided as well as the above-mentioned definitions. After 
scoring, I to 20 g of the sample was weighed on a digital scale (Ohaus 
Corporation, Pine Brook, New Jersey) and then dried at lO8 C for 24 hr in 
an oven (Barnstead International, Dubuque, Iowa) and re-weighed 
immediately to determine the percent dry matter. 
A quantitative analysis of C. parvum oocysts in the fecal samples 
collected was performed using Meriflour Crypto/Giardia IF A detection 
reagent (Meridian Bioscience, Inc., Cincinnati, Ohio). The procedure used 
was a modification of the kit instructions (Rishniw et aI., 20 lO). A 0.1 O-g 
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portion of feces was comminuted into 10 ml of phosphate-buffered saline, 
pH 7.4, in a 15-ml conical centrifuge tube. Then, 100 f.ll of the mixture was 
removed and 5 f.ll of Meriflour IF A detection reagent was added. After 
vortexing, this sample was incubated at room temperature in the dark for 
30 min and then stored at 4 C until examination. Once incubated, a 10.5-f.ll 
sample was placed on a slide and covered with a coverslip. A 20x 
objective on a 460-490 wavelength fluorescent compound binocular 
microscope (Olympus America Inc., Center Valley, Pennsylvania) was 
used to read the slide and count the number of oocysts observed. The 
count was recorded on a hand-held counter (Veeder-Root, Simsbury, 
Connecticut). The number of oocysts observed in 10.5 f.ll was then 
multiplied by 10,000 to give the number of oocysts per gram of feces. This 
number was then standardized by dividing by the percent dry matter. 
Fecal samples also were screened for rotavirus, corona virus, and 
Salmonella at 4 and 8 days after birth (feedings 8 and 16, respectively) 
by standard methods used in the Animal Health Diagnostic Center 
(Cornell University, Ithaca, New York). 
The data collected were displayed using box and whisker plots where 
each box encloses 50% of the data, i.e., first quartile to third quartile, 
with a horizontal line showing the median value of the variable. The 
whisker lines extending from the top and bottom of each box mark the 
minimum and maximum values within the data set that fell within an 
acceptable range. Any value outside of this range, called an outlier, is 
displayed as an individual point. With outliers, points whose value is 
either greater than the upper quartile added to 1.5 times the interquartile 
distance, or less than the lower quartile minus 1.5 times the interquartile 
distance. 
The data were not normally distributed. It was assumed that data drawn 
from different populations had identical distributions. Therefore, data 
were analyzed via non-parametric analysis of variance (ANOVA), by 
using the Kruskal-Wallace test (Ott and Longnecker, 2001). The Type I 
error rate was set at 5% and, after considering multiple comparisons using 
a Bonferroni correction, a P value <0.0125 was considered significant (Ott 
and Longnecker, 2001). 
Each of the challenged calves developed diarrhea and shed C. parvum 
oocysts during the trial period. Samples were collected until 3 consecutive 
negative fecal samples were obtained. The oocysts collected were identified 
by PCR/RFLP of the 18s SSU rRNA gene by using the same procedure as 
described above (Jian et aI., 2005). All samples collected were positively 
identified as C. parvum. In total, 383 fecal samples were obtained, and C. 
parvum oocysts were counted. Samples that did not contain oocysts were 
not analyzed for dry weight percentage. Of the total, 250 samples were 
analyzed for percent dry matter. 
F or the fecal consistency score of 1,199 samples were counted for C. 
parvum oocysts, and 144 samples were analyzed for percent dry matter. 
For fecal consistency scores of 2, 110 were counted for C. parvum oocysts, 
with 48 samples analyzed for percent dry matter. For fecal consistency 
scores of 3, 33 samples were counted for C. parvum oocysts, and 26 
samples were analyzed for percent dry matter. For fecal consistency scores 
of 4,41 samples were counted for C. parvum oocysts, and 32 samples were 
analyzed for percent dry matter. No other enteropathogens were identified 
during screening by the Animal Health Diagnostic Center, indicating the 
calves were not infected with rota virus, corona virus, or Salmonella. 
The results of statistical analysis of the collected fecal sample data show 
that a fecal consistency score of I to 4 had a median percent dry matter of 
20.9, 16.3, 9.6, and 5.8, respectively (Fig. 1). Using non-parametric 
ANOV A, dry weight percentages assessed by fecal consistency scoring 
were significantly different from each other (P < 0.001). The median C. 
parvum oocyst counts for fecal consistency scores I through 4 were 0, 0, 
2.3 X 106, and 7.1 X 106, respectively (P < 0.0001) (Fig. 2). 
The results of this study show that fecal samples with higher numeric 
scores, i.e., those with greater water content, indicate an increased severity 
of diarrhea and fluid loss by the calf. This, in turn, indicates that 
observational fecal consistency scoring can generate a reliable assessment 
of diarrhea in clinical and experimental situations. Specifically, fecal 
consistency scoring can be an accurate measure of diarrhea in dairy calves 
infected with C. parvum. It also can be a useful means of assessing C. 
parvum oocyst shedding within the parameters of this study. Fecal 
consistency scoring may be most accurate in terms of C. parvum oocyst 
shedding during the first 2 wk of life (Trotz-Williams et aI., 2007). 
However, it may not be an accurate measurement of oocyst shedding in 
cases where other enteropathogens are likely to be present, but it does 
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FIGURE I. Box and whiskers plot of fecal percent dry matter by fecal 
consistency score. Median dry matter was 20.9, 16.3, 9.6, and 5.8% for 
fecal consistency scores I, 2, 3, and 4, respectively (P < 0.001). FCS 
fecal consistency score 1, 2, 3, and 4, where 1 = formed feces to 4 = 
severe diarrhea. 
have application to research trials. In this experiment, fecal scoring gave 
an accurate assessment of the relative number of oocysts being shed. 
It has been demonstrated previously that measuring the percent dry 
matter of feces and expressing parasite load in units of dry matter provides 
a way of standardizing parasite count and minimizes potential errors 
associated with variation in fecal moisture (Le Jambre et aI., 2007). This 
has been demonstrated with sheep feces but now also directly applies to 
dairy calf feces. It is noted, however, that this may not be a practical 
method for use in industry due to time constraints. An alternative 
approach is to categorize feces based on a visual consistency morphology 
scale. In a study conducted in sheep infected with Trichostrongylus 
colubriformis, fecal samples were analyzed for dry matter and worm egg 
count (Le Jambre et aI., 2007). It was found that the simulated worm egg 
count and dry matter declined as fecal consistency 8core increased. This 
finding is similar in dairy calves; fecal dry matter decreases as fecal 
consistency score increases. 
In conclusion, this study shows the merits of using visual fecal 
consistency scoring by observation to assess diarrhea in dairy calves. 
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FIGURE 2. Box and whiskers plot of fecal Cryptosporidium parvum 
oocyst counts by fecal consistency score. Median oocyst count was 0, 0, 
2.3 X 106, and 7.1 X 106 for fecal consistency scores I, 2, 3, and 4, 
respectively (P < 0.001). FCS = fecal consistency score I, 2, 3, and 4, 
where I = formed feces to 4 = severe diarrhea. 
These results may be generalized to some field situations as well. Fecal 
scoring not only gives an accurate assessment of dry matter percentage it 
but also can provide insight into the concentration of C. parvum oocyst 
shedding. 
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ABSTRACT: Arthropod symbiotes of the Laotian rock-rat, Laonastes 
aenigmamus (Rodentia: Diatomyidae), from Laos are examined. This host 
is a member of Diatomyidae previously thought to have gone extinct> 10 
million yr ago. Permanent symbiotes are represented by 2 species, a new 
species of sucking louse, Polyplax sp" near rhizomydis (Phthiraptera: 
Polyplacidae), and a new species of fur mite, Afrolistrophorus sp., near 
maculatus (Acariformes: Listrophoridae), The temporary parasites are 
represented by 18 species, i,e" I mesostigmatan species, i,e" a new species 
of Androlaelaps near casalis (Parasitiformes: Laelapidae); immature stages 
of 2 tick species, Ixodes granulatus and Haemaphysalis sp, (Parasitiformes: 
Ixodidae); and a rich fauna of chiggers (Acariformes: Trombiculidae) 
comprising 8 genera and 15 species, It is hypothesized that this host 
completely lost its initial fauna of ectosymbiotes and that ancestors of the 
recorded symbiotes switched to this host from rodents of the superfamily 
Muroidea, 
The Laotian rock-rat, Laonastes aenigmamus Jenkins et aI., 2005, is a 
"living fossil" initially described by Jenkins et al. (2005) and placed in the 
monogeneric Laonastidae within hystricognath rodents (suborder Hystri-
comorpha, infraorder Hystricognathi) but later reassigned to the 
Diatomyidae, all representatives of which were previously considered to 
have become extinct II million yr ago (mya) in the Late Miocene (Dawson 
et aI., 2006). According to the multigene analysis by Huchon et al. (2007), 
this species does not belong to the Hystricognathi but is the sister group to 
the Ctenodactylidae, the sole family of the infraorder Ctenodacylomor-
phini, with the Ctenodactylidae and Diatomyidae (Laonastes) diverging 
approximately 44 mya. Comparative analysis of masticatory muscle 
architecture shows that L. aenigmamus could be considered a "missing 
link" between sciurognathous and hystricognathous rodents (Hautier and 
Saksiri, 2009), Any additional data that could clarify the phylogenetic 
relationships of this enigmatic rodent would be highly desirable. 
With respect to parasites, it is known that associations between hosts 
and their permanent and highly specific symbiotes (term from Nutting 
[1985] = dependent member of symbiosis) may be potentially useful as 
providing indirect support for validating a hypothesis of a host phylogeny 
(Klassen, 1992; Whiteman and Parker, 2005; Hypsa, 2006). In this 
communication, we briefly report on the arthropod symbiotes associated 
with the Laotian rock-rat. 
Fifteen dead animals originating from approximately the same locality 
"LAOS: Khammouane Province, 18 km north of Thakhek, near Ban Doy 
village, 17'33'26"N, 104'49'28"E, 140-m altitude, 11-15 November 2008" 
were obtained from the food market in Ban Doy village, These freshly 
killed specimens were immediately placed in individual sacks and wrapped 
in cloth to prevent loss or cross-contamination of their symbiotes and later 
examined using a dissecting microscope. In addition, their nasopharyngeal 
airways were flushed by water under pressure, and tissues near the 
urogenital system were examined to check for endoparasitic mites, 
Collected arthropods were initially stored in 95% ethanol and loaned 
for examination to specialists in the particular groups. 
Based on our findings, the permanent symbiotes of L. aenigmamus are 
represented by only 2 species, i,e., a new species of sucking louse, Polyplax 
sp., near rhizomydis Johnson, 1972 (Phthiraptera: Polyplacidae) from II 
host individuals, and a new species of acariform mite (Acariformes), 
Afrolistrophorus sp" near maculatus Fain, 1976 (Listrophoridae), from all 
15 host individuals examined, 
The temporary parasites were also examined despite the relatively lower 
host specificity generally observed in these groups, In our material, they 
were represented by 18 species: I mesostigmatan species, i.e" Androlaelaps 
DOl: I0.1645/GE-2508.1 
n. sp, near casalis (Berlese, 1888) (Parasitiformes: Laelapidae) from allIS 
host individuals; 2 species of ticks, i,e., Ixodes granulatus Supino, 1897 (7 
nymphs, 10 larvae) and Haemaphysalis sp, (I nymph, 2 larvae) 
(Parasitiformes: Ixodidae) from 8 host individuals; and IS species of 
chiggers (Acariformes: Trombiculidae) belonging to Gahrliepia (I species), 
Helenicula (I), Leptotrombidium (5), Neotrombicula (I), Trombiculindus 
(2), Toritrombicula (I), Walchia (2), and I new genus (2) from all host 
individuals. No fleas or phoretic deutonymphs (hypopi) of astigmatan 
mites were collected, but probably the former had left the killed host 
individuals shortly after death. All new species are currently being 
described and holotypes are deposited in the Zoological Institute of the 
Russian Academy of Sciences, St. Petersburg, Russia, 
The fauna of permanent symbiotes we recorded was relatively poor. 
Among 12 acariform families whose representatives could be potentially 
associated with the host (Bochkov, 2009; OConnor, 2009), only 
listrophorids were recorded, The Laotian rock-rat is characterized by 
nocturnal activity (Jenkins et aI., 2005); specimens caught by local hunters 
with snare traps died quickly, However, even the significant time (a few 
hours) after host trapping when killed rats remained unwrapped could not 
affect at the obtained results because most of these mites do not leave dead 
hosts. Ectoparasitic mesostigmatan mites are generally much more mobile 
than acariform mites. Nevertheless, the absence of mesostigmatans other 
than Androlaelaps n, sp. in our material is difficult to explain based on the 
collection technique. Specimens of Androlaelaps n, sp. were numerous on 
all host individuals (50-200 mites per host) and were represented by both 
deutonymphal and adult stages. Therefore, it seems likely that other 
mesostigmatan species were truly absent from the examined host 
individuals. If this were not the case, at least some specimens of other 
meso stigma tan species would have been collected. 
Both species of the permanent symbiotes are new for science but are 
close to previously described species, i.e" Polyplax rhizomydis and 
Ajrolistrophorus maculates, respectively, that are specifically associated 
with other Southeast Asian muroud rodents (suborder Myomorpha: 
Muroidea) (Durden and Musser, 1994; Bochkov and OConnor, 2006). 
Parallel evolution between sucking lice and their hosts is well known (Kim, 
1985; LIght and Hafner, 2007). Sucking lice belonging to the Polyplacidae 
are widely distributed among rodents but are not known to parasitize 
ctenodactylids (Kim, 1985; Durden and Musser, 1994). The new 
polyplacid species has some morphological similarities with Polyplax 
rhizomydis Johnson, 1972, that is known to parasitize 3 species of 
Rhizomys in Laos and China and, to some extent, with Polyplax 
cannomydis Johnson, 1959, that parasitizes Cannomys badius (Hodgson, 
1841) in Thailand (Johnson, 1959, 1972; Durden and Musser, 1994). 
Species of both Rhizomys and Cannomys belong to the Rhizomyinae 
within the muroid Spalacidae (suborder Myomorpha), a family that is 
phylogenetically far removed from the Diatomyidae (suborder Hystrico-
morpha). Mites of the Listrophoridae usually also demonstrate a high 
level of cophylogenetic relationships with their hosts (Fain, 1994). 
Similarly, with lice, the collected listrophorid species belongs to the 
species group "apodemi," whose members parasitize only myomorph 
rodents (Bochkov and OConnor, 2006). We hypothesize, therefore, that 
ancestors of these 2 species, the new species of Polyplax and Afolistro-
phorus, switched to the Laotian rock-rat from muroid rodents, Thus, L. 
aenigmamus was initially free from ectosymbiotes or seems to have 
completely lost its original fauna of permanent symbiotic arthropods that 
was later replaced by colonists from sympatric muroids, which represent 
the dominant and most speciose group of rodents in Southeast Asia. In 
contrast to Laonastes sp., we speculate that ctenodactylids kept some their 
initial permanent parasites belonging to 2 families of acariform mites, 
Teinocheylus sp. (Cheyletidae) and Gundimyobia sp. (Myobiidae) (Boch-
kov, 2009). 
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Because of this assemblage of ectosymbiotic arthropod species, most of 
which (18 species) are not host-specific and the remainder of which (2 
species) seem to represent cases of host-switching followed by recent 
speciation, no useful information can be shed on the phylogenetic 
relationships of L. aenigmamus based on ectosymbiote data. Nevertheless, 
no fleas were collected and if fleas can be recovered from L. aenigmamus in 
the future, it would be of interest to determine whether they conform to the 
trend discussed here for acarines and sucking lice associated with this host. 
We are indebted to Thavy Phimminith and Khamphet Phomphoumy 
(National University of Laos), Bounsou Sovan and Chaynoy Sisomphane 
(Ministry of Agriculture and Forestry, Lao People's Democratic 
Republic), and Soukanh Inthanouhack (Department of Agriculture and 
Forestry, Khammouane Province) for contributions to this study and for 
advice with the fieldwork. Ectoparasites were collected under permission 
Ministry of Agriculture and Forestry, form 520, N 280/08. This research 
was supported in part by grants from the Russian Foundation for Basic 
Research (08-04-00754 to A.Y.B. and 10-04-00973 to A.V.A.). 
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Partial Sequence of the Alpha-Tubulin Gene From Histomonas meleagridis Isolates From 
the United States 
Richard W. Gerhold, Lori A. LOllis, Larry R. McDougald, and Robert B. Beckstead, Department of Poultry Science, University of Georgia, 
Athens, Georgia 30602. e-mail: rgerhold@uga.edu 
ABSTRACT: Histomonas meleagridis, the causative agent of histomoniasis, 
is a protozoan parasite classified in the Dientamoebidae (order 
Tritrichomonadida). The cr-tubulin gene of 7 H. meleagridis isolates 
originating from either domestic chickens or turkeys from the United 
States was amplified by nested PCR and sequenced. A 91.4-99.8% 
nucleotide identity was shared among the 7 different sequences, and 
phylogenetic analysis disclosed that the 7 isolates were divided into at least 
3 clades. These sequences had a 91-99% nucleotide identity and a 96-
100% amino acid identity compared with 3 H. meleagridis cr-tubulin 
sequences obtained from isolates originating from turkeys in Germany. 
Further cr-tubulin gene analysis from species in the Dientamoebidae will 
be useful in elucidating the evolutionary relationship of these protozoans. 
Histomonas meleagridis, the causative agent of histomoniasis (blackhead 
disease), is a parabasalid protozoan parasite of the Dientamoebidae (order 
Tritrichomonadida: class Tritrichomonadea) (Cepicka et a!., 2010). 
Dientamoebids include species of Dientamoeba, Protrichomonas, Histom-
onas, and Parahistomonas and are characterized as uninucleate to 
binucleate, lacking an infrakinetosomal body in the mastigont, and 
lacking a costa and undulating membrane (Cepicka et a!., 2010). The most 
important human pathogen in this family is Dientamoeba fragilis, which 
causes chronic diarrhea and has been implicated in irritable bowel 
syndrome (Stark et a!., 2006). Other pathogenic protozoans causing either 
human or animal diseases belong to Tritrichomonadea and include 
Trichomonas vaginalis, Trichomonas gallinae, and Tritrichomonas foetus 
(Honigberg et a!., 1984; BonDurant and Honigberg, 1994). 
Histomoniasis is commonly reported from turkeys, chickens, and other 
poultry (McDougald, 2005), numerous wild birds (Davidson, 2008; Reiss 
et a!., 2009), and several zoo birds (Douglas, 1981); a thorough review of 
research on H. meleagridis has been published (McDougald, 2005). The 
parasite has a wide spectrum of virulence and variable tissue tropism 
(Sen ties-Cue et a!., 2009). Outbreaks in poultry have become more 
frequent and severe in United States and Europe after nitroimidazole 
treatment products were banned (Hauck and Hafez, 2009; Sentis-Cue et 
aI., 2009). 
Recent cr-tubulin sequence analysis from 3 clones originating from 2 H. 
meleagridis isolates in domestic turkeys from Germany demonstrated that 
H. meleagridis was most closely related to Tetratrichomonas gallinarum 
and T. foetus (Hauck and Hafez, 2010). Constructed consensus 
phylogenetic trees based on glyceraldehydes 3-phosphate dehydrogenase 
(GAPDH), endolase, cr-tubulin, ~-tubulin, and 18S rRNA sequences 
revealed a close relationship to T. foetus and to a lesser extent 
Monocercomonas spp. (Hauck and Hafez, 2010). However, H. meleagridis 
~-tubulin sequence analysis indicated a close relationship to D. fragilis but 
separate from Monocercomonas spp. and T. foetus sequences (Hauck and 
Hafez, 2009). Similarly, the 18S rRNA phylogenetic analysis demonstrat-
ed a close relationship between H. meleagridis and D. fragilis and separate 
from T. foetus (Gerbod et a!., 2001). Further phylogenetic analysis of H. 
meleagridis protein-coding regions from other geographical areas and 
avian hosts would be useful in understanding the evolutionary relationship 
of these protozoans and the epidemiology of histomoniasis. The present 
report describes the cr-tubulin sequences of 7 H. meleagridis isolates 
originating from either domestic chickens or turkeys from the United 
States. 
DNA was extracted from 7 H. meleagridis isolates listed in Table I, 
using Qiagen Mini kits (Qiagen Inc., Valencia, California) as per the 
manufacturer's instructions. DNA amplification of the cr-tubulin gene was 
performed using a nested PCR protocol with the primary reaction 
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consisting of 5 iii of DNA in a 50-iii reaction using primers cr-tubA (5'-
RGTNGGNAAYGCNTGYTGGGA-3') and cr-tubB (5'-CCATNC-
CYTCNCCNACRTACCA-3'), and the secondary reaction consisted of 
I iii of DNA from the primary reaction placed into a 50-iii reaction using 
primers cr-tubFI (5'-TAYTGYYWNGARCAYGGNAT-3') and cr-tubRI 
(5'-ACRAANGCNCGYTTNGMRWACAT-3') (Edgcomb et a!., 2001). 
PCR components and cycling parameters were the same as previously 
described (Gerhold et a!., 2008). For all PCR extractions, a negative water 
control was included to detect contamination and water controls were 
included in both primary and secondary reactions. One PCR amplicon 
was generated per unique H. meleagridis isolate. PCR amplicon separation 
and extraction and bidirectional nucleotide sequencing, using amplifica-
tion and internal primers, were the same as previously described (Gerhold 
et a!., 2008). Sequences obtained from this study and from other similar 
protozoans stored in GenBank were aligned using the multisequence 
alignment ClustalX program (Thompson et a!., 1994). Phylogenetic 
analyses were conducted using MEGA (Molecular Evolutionary Genetics 
Analysis) version 4.0 program (Tamura et aI., 2007). The neighbor-joining 
and minimum evolution algorithms use the Kimura 2-parameter model 
and maximum parsimony uses a heuristic search. 
The 7 sequences in this study shared a 91.4-99.8% nucleotide identity 
and a 96-100% amino acid identity among each other. No consistent 
nucleotide polymorphisms were found in isolates originating from the 
different avian hosts or from different areas within the United States: The 
cr-tubulin sequences of the 7 H. meleagridis isolates had an 91-99% 
nucleotide identity to 3 H. meleagridis sequences from isolates originating 
from Germany (accessions GQ409855, GQ409854, FJ710160), and a 85-
87% identity to T. foetus (accession A Y277784). A protein BLAST 
revealed the sequences had a 96-100% amino acid identity to the 3 
German H. meleagridis sequences (accessions GQ409855, GQ409854, 
FJ710160), a 93-96% amino acid identity to T. foetus (accession 
AY277784), and a 93-97% identity to T. gallinae (accession ABZ8181O) 
and T. vaginalis (accession XP 1299097). Alignment of the partial cr-
tubulin gene sequence with related organisms and Tetratrichomonas spp. 
(as outgroup, GenBank accession A Y886885) resulted in an alignment 
909 bp in length, of which 600 were invariant, 54 variable characters were 
parsimony uninformative, and 253 were parsimony informative. Robust to 
weak neighbor joining (100-75%) and minimum evolution (100-59%) 
bootstrap values supported the separation of the 7 sequences in this study 
into 4 clades (Fig. I). In contrast, maximum parsimony analysis failed to 
resolve the NC turkey I and GA chicken 4 sequences into separate clades; 
however, it gave robust support (97-100% bootstrap values) for the 
separation of the 7 sequences into 3 clades. Four of the U.S. isolates 
sequences were grouped into a single clade that included 2 of the German 
isolates and the remaining German isolate grouped with GA turkey I, 
which originated from a histomoniasis outbreak in domestic turkeys. 
TABLE I. Histomonas meleagridis isolates used in this investigation. 
Location of GenBank 
Isolate Host isolate origin accession no. 
GA turkey I Turkey Georgia HQ416408 
GA turkey 3 Turkey Georgia HQ4 1 6409 
GA chicken 2 Chicken Georgia HQ416410 
GA chicken 4 Chicken Georgia HQ416411 
GA chicken 5 Chicken Georgia HQ416412 
NC turkey I Turkey North Carolina HQ416413 
NC turkey 2 Turkey North Carolina HQ416414 
62/681* I 
I 
99/73186 
75/591* 
100/100/97 
100/100/100 
86/771* I 
100/100/100 I 
97/86/90 
621*1* 
991100/95 J 
89/851 I 
78/58156 
99/97/59 I 
95/99/95 1 
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Histomonas meleagridis GA Turkey 3 
H. meleagridis Turkey/Germany Genbank GQ409854 
H. meleagridis Germany Genbank F J71 0160 
H. meleagridis NC Turkey 2 
H. meleagridis GA Chicken 5 
H. meleagridis GA Chicken 2 
H. meleagridis NC turkey 1 (Clade 2) 
H. meleagridis GA chicken 4 (Clade 3) 
H. meleagridis GA turkey 1 (Clade 4) 
H. meleagridis Turkey/Germany Genbank GQ409855 
Tritrichomonas foetus Genbank A Y277784 
Hypotrichomonas acosta Genbank A Y277777 
Monocercomonas sp Genbank MSU66902 
Tetratrichomonas buttreyi Genbank AY88678 
Tetratrichomonas sp. Genbank A Y8868885 
Trichomitus batrachorum Genbank TBU66904 
Pentatrichomonas hominis Genbank A Y886879 
Trichomonas gal/inae Genbank EU215381 
Trichomonas sp. Genbank EU215379 
Trichomonas vaginaJis Genabnk XM1330630 
Tetratrichomonas sp. Genbank A Y886884 
FIGURE 1. Phylogenetic analysis of Histomonas meleagridis isolate from this study and other trichomonads based on sequence alignment of 
overlapping 909 bp (X-tubulin genes. The tree was constructed using a minimum evolution algorithm with 500 replications in a Kimura 2-parameter 
model using a heuristic search with Tetratrichomonas spp. as an outgroup. Bootstrap values for neighbor-joining/minimum evolution/maximum 
parsimony values are shown at the nodes. Asterisks indicate nodes with bootstrap values below 50%. 
Although moderate neighbor joining (86%) and minimum evolution (77%) 
bootstrap values supported the separation of all H. meleagridis isolates 
from T. foetus and Monocercomonas spp., maximum parsimony analysis 
failed to resolve this separation. 
Our data revealed similar phylogenetic relationships as the previous (X-
tubulin and ~-tubulin analysis of H. meleagridis from Germany; however, 
our study showed at least 1 separate clade formed by a single sequence 
(Georgia chicken 4) that had robust separational support from all other 
sequences (Fig. 1). Additionally, no consistent sequence or phylogenetic 
differences were found from isolates originating from different avian hosts 
or geographical areas. Interestingly, when we performed our analyses 
using the previously published German sequences, it was found that 2 
German sequences (GenBank GQ409854 and GQ409855), originating 
from the same turkey, were placed into separate clades. Although 
nucleotide identities of the 7 isolates in this study ranged from 91 to 
99%, compared with the German isolates, the amino acid identities ranged 
from 96 to 100% compared to the German isolates, suggesting 
conservational pressure exists at the amino acid level. This would be 
expected given the necessary function of the (X-tubulin protein. Unfortu-
nately, no sequences of the D. fragilis (X-tubulin gene were available in 
GenBank to add to the phylogenetic analysis to determine if the (X-tubulin 
genes of D. fragilis and H. meleagridis a have similar relationship to that of 
the ~-tubulin. 
Further genetic analysis of H. meleagridis protein coding genes should 
be conducted from isolates from various hosts and locations to determine 
if any host-parasite relationships exist at either the nucleotide or amino 
acid level. The (X-tubulins are potential targets for chemotherapy and 
research should be conducted to determine if histomoniasis control can be 
achieved with compounds that target these proteins. Inhibitors of (X-
tubulins, including dinitroanilines, are known to have broad antiprotozoal 
efficacy against related parasites (Morrissette et aI., 2004) and, as such, 
would be potential candidates for chemotherapeutic trials. 
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ABSTRACT: We evaluated helminth parasites of the introduced North 
American raccoon (Procyon lotor L.) in Poland, From June 2006 to May 
2007, 91 raccoon fecal samples were collected in the Warta Mouth 
National Park situated in western Poland near the Polish-Gennan border. 
Coprological analyses involved flotation and sedimentation, In total, 7 
helminth taxa were identified in the feces: Ancylostoma spp" Baylisascaris 
procyonis, Capillariidae, Placoconus lotoris, Spirocerca lupi, Strongyloides 
procyonis, and Echinostoma sp. The parasite assemblage in the raccoon 
exhibited a low diversity. The results were compared with data from other 
European and North American studies and suggest a lower prevalence of 
parasites in newly invaded areas, compared with earlier invaded areas or 
the native range. 
Globalization has increased the transport and introduction of many 
species throughout the world. Many of these species exhibit rapid 
expansion as they colonize their new habitats, in some cases affecting 
biodiversity and community structure at their new site (Vitousek et aI., 
1996), The phenomenon of such rapid spread of non-native species could 
be explained by several ecological and evolutionary hypotheses (Hufbauer 
and Torchin, 2007), One of these ideas is referred to as the "enemy release 
hypothesis" and assumes that in a new environment the non-native species 
is released from regulation by natural enemies (predators and parasites) 
and therefore it may rapidly increase its numbers and range (Hufbauer 
and Torchin, 2007), Introduced species often escape their parasites, 
because individuals introduced to the new environment carry low numbers 
of parasites to the new location, and native parasites require some time to 
adapt to the new host. Another reason may be the absence of necessary, 
e,g" intennediate, hosts in a new location (Torchin et aI., 2003), This 
hypothesis has been proposed as a major factor in the success of biological 
invasion, However, it is still not well documented, especially for non-
native species invasion. 
The raccoon (Procyon lotor L.) was introduced into Europe from North 
America for the fur trade, In the early 1930s, raccoons were deliberately 
released from captivity in Germany, in 1936 in Russia, and in 1954 in 
Belarus (Chesnokov, 1989; Stubbe, 1999). These introductions resulted in 
the development of a wild, feral raccoon population in central and eastern 
Europe (Stubbe, 1999), Initially, the population was small, its range being 
restricted to the vicinity of the original introduction sites. From the 1970s, 
however, the German population grew rapidly in size and raccoons 
colonized new areas in Germany and neighboring countries in Europe 
(Lutz, 1995), At present, the raccoon inhabits Germany, France, Belgium, 
the Netherlands, Denmark, Luxembourg, Switzerland, Austria, Hungary, 
Poland, Belarus, the Czech Republic, and Yugoslavia (Stubbe, 1999; 
Cerveny et aI., 2001; Schley et aI., 2001; Milenkovic, 2003), In Poland, the 
first wild raccoons were observed in the late 1940s in different parts of the 
country, but these individuals were probably escapees or individuals 
released from raccoon fanns (Bogdanowicz and Ruprecht, 1987), For the 
next 50 yr, raccoons were encountered only sporadically in Poland, which 
suggests that escapees from farms did not establish wild populations 
(Bogdanowicz and Ruprecht, 1987). In 1995, however, a wild population 
was reported in western Poland (Bartoszewicz and Okarma, 2007), and the 
abundance of the raccoon in Poland has since grown rapidly, with its 
range also expanding considerably. 
The raccoon inhabits various habitats in both native and introduced 
ranges, including wetlands, marshes, forests, and fannland (Lutz, 1995; 
DOl: lO.1645/GE-2525.1 
Stubbe, 1999), Their dietary plasticity and fairly daring nature make 
raccoons frequent inhabitants of human settlements, where the animals 
feed on fruit in orchards and gardens, and forage on garbage (Smith and 
Engeman, 2002; Bartoszewicz et aI., 2008), Because raccoons may serve as 
a reservoir host for several parasite species, this may create a conflict with 
humans, especially in urban environments, Raccoons leave feces mostly in 
latrines situated in various locations, i.e" on the ground, near tree trunks, 
or on roofs, Therefore, precipitation of any kind results in soil 
contamination with feces-derived helminths (Page et aI., 1999). 
Raccoons are potential hosts of many parasites that affect other 
wildlife, domestic animals, and humans, The helminth fauna of raccoons 
from their native range (North America) has been reviewed by Harkema 
and Miller (1962), Bafundo et al. (1980), Schaffer et al. (1981), Snyder and 
Fitzgerald (1985), Cole and Shoop (1987), Richardson et al. (1992), Ching 
et al. (2000), and Souza et al. (2009). These studies showed that as many as 
30 helminth species are hosted by raccoons. Studies on parasites of 
raccoons also were carried out in Japan (Matoba et aI., 2006; Sato and 
Suzuki, 2006; Sato et aI., 2006). The first report describing a nematode 
species in raccoon (Ascaris procyonis, syn, Baylisascaris procyon is) in 
Europe was published more than half a century ago, from Poland 
(Stefanski and Zarnowski, 1951). A subsequent paper confirmed the 
presence of the nematode in Poland (Bartoszewicz et aI., 2008), In 
Gennany, the presence of B. procyonis produced ocular larva migrans 
syndrome in an adult woman (Kiichle et aI., 1993), Priemer and Lux 
(1994) recorded the tapeworm A trio taenia incisa, a species that is so far the 
only tapeworm described from the European raccoon, Gey (1998) 
identified 3 species hosted by raccoons in Germany (Atriotaenia sp" B, 
procyonis, and Capillaria sp,), The most recent German papers deal 
exclusively with the nematode B. procyon is, Analyses of raccoon feces 
from Bad Karlshafen demonstrated the nematode to be present in 12 of 15 
(80%) samples examined (Hofmann et aI., 2002), A relatively heavy 
infection with B. procyonis also was reported by studies on raccoon 
ecology in Saxony, with the nematode being found in 22 of 56 (39%) 
necropsies (Winter et aI., 2005), However, despite the wide distribution 
and long time of occurrence of the raccoon in Europe, there are still 
insufficient data on parasites of raccoons in their new range. 
We evaluated the helminth fauna of the raccoon in Poland where they 
recently expanded their range, In addition, the survey was intended to give 
better insight into the factors affecting the condition of local raccoon 
populations and help assess the possible zoonotic risk in the study area, 
The study area included the Warta Mouth National Park (WMNP) 
situated in western Poland, near the German border (52°34'N, 14°43'E), 
The park covers 80.7 km2 ofthe lower Warta River valley, including 20 km 
of river bottom. The area has been protected since 1984 within the 
confines of the Ramsar Convention and is also included in the Natura 
2000 network (PLC080001), The park is dominated by wetlands, willow 
shrubs, marshes, meadows, and pastures, and only 1 % of the area is 
covered by forest. There are many canals and old river beds extending 
along the terminal several kilometers in the downstream section of the 
Warta, The climate is mild, with an annual mean temperature of 8.3 C; 
precipitation is scant (no higher than 550 mm); and the growth season 
extends between 230 and 260 days (Turowski, 2004). 
We quantified endoparasites in 91 fecal samples collected from June 
2006 to May 2007. Most of the raccoon fecal samples were collected from 
latrines on the tops of tree trunks, which in WMNP are typically made by 
raccoons on old willow trees; therefore, mistaking the feces for those left 
by other predators was ruled out. Raccoon feces are cylindrical, 1-1.5 cm 
in diameter, and approximately 8 cm in length. Fecal samples (-4 g) were 
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TABLE 1. Prevalence and mean number of parasite eggs in raccoon from 
Warta Mouth National Park, Poland. 
No. of eggs in sample 
Parasite species % Prevalence Mean ± SE Range 
Ancylostoma spp. 4.4 1.0 
Baylisascaris 
procyonis 3.3 2.67 ± 1.0 1-5 
Capillariidae 3.3 1.0 1 
Placoconus lotoris 4.4 1.0 
Spirocerca lupi 8.8 11.5 ± 3.2 1-84 
Strongyloides 
procyonis II 9.7 ± 2.1 1-75 
Echinostoma sp. 2.2 1.0 1 
placed in plastic bags, labeled, and fixed in 4% formaldehyde. Each 
sample (2 g each) was examined with 2 different techniques, i.e., 
decantation (in tap water) and flotation with saturated zinc sulfate 
solution (specific gravity, 1.18). The parasite eggs isolated were measured, 
photographed, and identified based on their morphology, by using 
descriptions in Thienpont et ai. (1986), Foreyt (2001), and Zajac and 
Conboy (2006). 
We analyzed 2 parameters: (1) prevalence and (2) the mean number of 
eggs or larvae (and their ranges) per helminth taxon in a single fecal 
sample. Because the 2 techniques yielded the same species composition, we 
further analyzed only the flotation results. To assess the species richness of 
the raccoon helminth fauna (the term component communities is used to 
denote all parasite species exploiting the same host population; see Bush et 
ai., 1997) in the WMNP, non-parametric estimates of species richness and 
the species accumulation curve were used. The Chao 1 and Bootstrap 
estimators were used to calculate the species richness irrespective of the 
proportion of rare and accessory species, based on data expressed as 
presence (1) and absence (0). To describe the parasite assemblage 
structure, the Shannon-Wiener species diversity index was calculated. 
All calculations were performed with the EstimateS 7 package (Colwell, 
2004). 
Nematode and trematode eggs were found in 27 of the 91 fecal samples 
collected. The overall prevalence of intestinal parasites was low (29.7%), 
and the mean number of eggs per sample was 2.3. Coproscopic 
examination revealed the presence of 6 nematode taxa (Ancylostoma 
spp., Baylisascaris procyonis, Strongyloides procyonis, Placoconus lotoris, 
Capillariidae, and Spirocerca lupi) and a single trematode (Echinostoma 
sp.) (Table I). The highest prevalence (11.0%) was for the nematode S. 
procyon is; the highest mean intensity of infection was shown by S. lupi 
(11.5; range: 1-84). In 21 samples, we found only a single parasite taxon; 5 
samples contained 2 parasite species, and 3 species were found in 1 sample. 
The species accumulation curve and species richness estimators (Chaol 
and Bootstrap) showed that the maximum number of species in the total 
assemblage of raccoon parasites present in all the 91 fecal samples at 
SChaol = 7 (SD ± 0.23) and SB = 7.26 (SD ± 0.004). These results are 
consistent with observed species richness (Sob = 7); therefore, the study 
revealed almost all of the potential raccoon parasites in the area of study 
(Fig. 1). The data also show that examination of additional samples would 
not substantially increase the species richness observed. The parasite 
assemblage in the raccoon from WMNP exhibited a low diversity 
(Shannon-Wiener diversity index = 1.8). 
The number of helminth species found in the WMNP raccoons was 
higher than that found in any European study published to date. The list 
of species includes B. procyonis that in association with the remaining 
raccoon parasites, poses a hazard for humans as well as domestic and wild 
animals. Although the raccoon is the specific host for B. procyonis, it is 
known to occur in other definitive hosts, i.e., the kinkajou (Potos flavus) 
and the olingo (Bassaricyon gabbii) (Overstreet, 1970), both of the 
Procyonidae; and the domestic dog (Canisfamiliaris) (Greve and O'Brien, 
1989; Averbeck et ai., 1995). It is estimated that there are >90 species of 
birds and mammals that can be paratenic hosts of B. procyonis (Kazacos, 
1997; Sorvillo et ai., 2002). Raccoon latrines are used by birds and 
mammals, which enhances the nematode's transmission potential (Page et 
ai., 1999). The nematode can use humans as paratenic hosts. As few as 2 of 
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FIGURE 1. Species richness estimates predicted for raccoon helminth 
component communities. The lower curve on the graphs is based on the 
number of observed species and is equivalent to the species accumulation 
curve that will merge with the total species richness asymptote. The other 2 
curves show results of the Chao 1 and Bootstrap non-parametric 
estimators-based species richness. +, observed; ., Bootstrap estimator; 
A, Chao 1 estimator. 
the 12 human infection cases were recorded in adults; children aged 1-4 yr 
are prone to geophagy, and people exposed to the parasite's definitive 
host, its feces, or both are the most likely victims of infection (Sorvillo et 
ai., 2002). The prevalence of B. procyonis in fecal samples of German 
raccoons from Hessen was very high, from 71.0 to 80.0% (Hofmann et ai., 
2002), whereas in Saxony it was roughly half (39.0%) the value in Hessen 
(Winter et ai., 2005). In the Czech Republic and Slovakia, the nematode 
was reported in just 2 raccoons (Kazacos, 2001). In the present study, B. 
procyonis eggs were isolated from as few as 3 samples (3.3%). This might 
suggest that in a new range of an introduced species the prevalence of 
some nematodes is low, which may permit accelerated expansion. 
Furthermore, a much higher B. procyonis prevalence in Germany than 
in Poland allows us to predict an imminent increase in the B. procyonis 
prevalence in Poland in the coming years. Diet analyses of raccoons at 
WMNP revealed that they consumed rodents (34.0% food weight 
consumed) and birds (15.0%) that may playa significant part in B. 
procyonis dispersal as paratenic hosts (Bartoszewicz et ai., 2008). 
Nematodes of the genus Ancylostoma are fairly common in European 
domestic and wild predators. So far, A. kusimaense, the only representa-
tive of the genus, was found in raccoons in Japan and is regarded as 
typical of indigenous predators in that country. Sato and Suzuki (2006) 
found 4 of the 531 raccoons examined (0.8%) to be infested. A low 
prevalence (0.6%) also was reported by Matoba et ai. (2006). These studies 
suggest that raccoons have "lost" their specific parasites and acquired 
those indigenous for Japan, i.e., from coyotes (Canis latrans), striped 
skunks (Mephitis mephitis), raccoon dogs (Nyctereutes procyonoides), and 
birds. The Japanese data parallel the low prevalence found in this study 
(4.4%). Although a detailed morphology-based identification of the 
Ancylostoma nematodes is not possible, the literature indicates that the 
present finding is the first European record of Ancylostoma spp. in 
raccoons. 
Spirocerca lupi is a nematode with a relatively wide spectrum of 
definitive hosts that includes canids (dogs, jackals, coyotes, foxes, and 
wolves) as well as wild felids. The presence of the nematode has been 
found to experimentally infect cats (Furmaga, 1983). Other predatory 
mammalian species rarely serve as definitive hosts for the nematode. In 
Belarus, Shimalov and Shimalov (2001, 2002) found S. lupi in ermine 
(Mus tela erminea) and in European polecat (Mus tela putorius). The 
nematode's life cycle involves intermediate hosts, i.e., coprophagus insects, 
including species of Geotrupes, Scarabeus, Akis, and Copris (Furmaga, 
1983). Food composition analysis of the WMNP raccoons showed a 
relatively high proportion of these insects in the diet (34.0% of occurrence; 
n = 150), particularly beetles (Bartoszewicz et ai., 2008). Their abundance 
in food explains the relatively high prevalence of the nematode (8.8%) in 
the WMNP raccoon population. The available literature lacks reports on 
S. lupi occurring in raccoons, and the present finding extends the list of the 
nematode's definitive hosts. Parasitological studies in Japan showed the 
helminth fauna of raccoons there to be very different from that of raccoon 
parasites in North America (Sato and Suzuki, 2006). The Japanese 
raccoons thus have apparently acquired helminths known from indigenous 
animals. These findings are in agreement with the results of our study. 
Both S. lupi and Ancylostoma spp. are common in Polish predators. 
Strongyloides procyonis was the most prevalent (11.0%) parasite in the 
samples examined in this study. The species was first reported and 
described from raccoons in the United States (Little, 1965, 1966). 
Strongyloides procyonis also was found in raccoons in their introduced 
range, in Japan, where the nematode was noted in 66 of 233 (28.3%) 
raccoons examined (Sato et ai., 2006). 
Capillariids are fairly common in raccoons and are represented by 
several species. In North America, 4 Capillaria species have been reported, 
i.e., Capillaria procyonis (Snyder and Fitzgerald, 1985; Richardson et ai., 
1992), Capillaria putorii (Snyder and Fitzgerald, 1985; Cole and Shoop, 
1987; Richardson et ai., 1992), Capillaria aerophila (Richardson et ai., 
1992), and Capillaria plica (Cole and Shoop, 1987; Richardson et ai., 
1992). In Canada, Ching et ai. (2000) found Capillaria sp. in only 2 
individuals from 84 (2.4%) examined. A somewhat higher prevalence of C. 
putorii (syn. Aonchotheca putoril) (6.1%) was reported from Japan 
(Matoba et ai., 2006). Snyder (1988) found C. procyonis eggs in an 
unusual location; while looking for Trichinella spiralis larvae in raccoon 
tongues, he found Capillaria eggs in 36 of the 40 tongues (90.0%), which 
were subjected to digestion with 1% pepsin-HCi. Early reports on a 
Capillaria sp. in the raccoon's anal glands came from Germany (Gey, 
1998); 2 populations studied revealed prevalences of 68.6 and 47.1%, 
whereas in the present study, it was much lower (3.3%). Morphological 
and biometric differences among eggs examined in this study (type I: 60 ~m 
X 29 ~ vs. type 2: 72 ~ X 21 ~) suggest that the Polish raccoon 
population supports at least 2 capillariid species. 
Placoconus lotoris, another species found in the present study, was 
originally described by Schwartz (1925) as Uncinaria lotoris. In North 
America, the nematode has been frequently reported in high prevalences, 
ranging from 16.5 to 95.2% (Harkema and Miller, 1962; Schaffer et ai., 
1981; Ching et ai., 2000). These high values contrast with the low 
prevalence found in this study (4.4%). 
The literature on raccoon helminths often reports trematodes as 
dominant among the parasites found. However, these studies dealt mainly 
with specific areas where intermediate hosts of the parasites are common 
and constitute a large proportion of the raccoon diet. In coastal areas of 
North Carolina, for example, Harkema and Miller (1962) identified 9 
trematode species among 12 helminth species in total that they found 
(75.0%). In Japan, Sato and Suzuki (2006) found 7 of the 20 parasitic 
species they identified to be trematodes (35.0%). However, we only found 
a single trematode species, identified as a species of Echinostoma (2.2%). 
So far, a few echinostomatids have been reported from raccoons, i.e., 
Euparyphium beaveri in North America (Bafundo et ai., 1980; Schaffer et 
al., 1981; Snyder and Fitzgerald, 1985) and Euparyphium sp. (Matoba et 
ai., 2006) as well as Isthmiophora hortensis (4.9%) and an unidentified 
Echinostoma (1.7%) in Japan (Sato and Suzuki, 2006). 
In Europe, the raccoon is a relatively recent addition to the fauna, so the 
knowledge of its helminth diversity is still limited. Owing to the species' 
excellent adaptability and the increasing raccoon invasion of Poland from 
the expanding German population, it seems important to assess the hazard 
posed by raccoon parasites to the indigenous fauna and humans. Because 
fecal analyses per se are biased, the prevalence reported to date may not 
reflect the true extent of helminth invasion. In particular, the fairly loose 
consistency of raccoon feces may enhance removal of dispersive forms by 
rainfali. Nevertheless, this study suggests that the prevalence of helminth 
species in raccoons in Poland is lower than in its native range. Further 
observation of parasite prevalence in raccoon populations in the next 
phase of expansion may help explain the development of host-parasite 
relations in newly invaded areas. 
We are grateful to Dr. A. Ecyott, who corrected the English of the final 
version of the manuscript and provided us with useful comments. We also 
thank 2 anonymous reviewers and the editor for helpful advice. 
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ABSTRACT: Host specificity plays an essential role in shaping the 
evolutionary history of host-parasite associations, In this study, an index 
of host specificity recently proposed was used to test, quantitatively, the 
hypothesis that some groups of parasites are characteristics of some host 
fish families along their distribution range. A database with all published 
records on the helminth parasites of freshwater siluriforms of Mexico was 
used, The host specificity index was used considering its advantage to 
measure the taxonomic heterogeneity of the host assemblages and its 
appropriateness for unequal sampling data, The helminth parasite fauna 
of freshwater siluriforms in Mexico seems to be specific for different host 
taxonomic categories, However, a relatively high number of species (47% 
of the total helminth fauna) is specific to their respective host family, This 
result provides further corroboration for the biogeographic hypothesis of 
the core helminth fauna proposed previously, The statistical values for 
host specificity obtained herein seem to be independent of host range, 
However, the accurate taxonomic identification of the parasites is 
fundamental for the evaluation of host specificity and the accurate 
evolutionary interpretation of this phenomenon, 
Parasites exhibit some level of preference for the hosts they parasitize, 
In this context, host specificity is probably one of the most important 
features of parasitism and parasite life histories (Dogiel, 1964; Adamson 
and Caira, 1994), just as important, if not more so, than body size and 
fecundity, Host specificity will determine the possibility that a parasite will 
successfully invade a new habitat, or adjust to new hosts after its 
introduction to a new geographical area (Poulin and Mouillot, 2003), In 
addition, host specificity also plays a relevant role in the search for 
patterns of coevolution (Brooks and McLennan, 1993). 
Several attempts have been made to measure the degree of host 
specificity of certain parasite taxa. Some studies have quantified the 
number of host species parasitized by a given parasite group by 
considering different levels of the taxonomic hierarchy, i.e" genera, 
families, and even orders (Dogiel, 1964; Price, 1980), Rhode (1993) 
developed an index of specificity that considers other data such as 
prevalence of infection and abundance levels, More recently, Caira et al. 
(2003) proposed an index of specificity that incorporates the taxonomic 
intormation of hosts, Poulin and Mouillot (2003) proposed an index of 
host specificity (taxonomic distinctness index, STO) that considers the 
taxonomic assemblage of the set of host species used by a parasite; this 
index measures the average taxonomic "distance" among all host species 
used by a parasite and provides new insight concerning host specificity, 
The index was later modified to incorporate ecological data such as the 
prevalence of infection among different hosts (Poulin and Mouillot, 2005). 
Conversely, studies on the helminth parasite fauna of freshwater fishes 
in Mexico and elsewhere (Choudhury and Dick, 1998; Perez-Ponce de 
Leon and Choudhury, 2002, 2005) have suggested that some helminth 
species are typical members of the parasite fauna of certain host groups, 
basically at the family level, referring these species as the "core helminth 
fauna" (Perez-Ponce de Leon and Choudhury, 2002), The helminth fauna 
of the catfish family Ictaluridae in Mexican fresh waters included taxa 
typical of ictalurids in other parts of North America, north of Mexico 
(Perez-Ponce de Leon and Choudhury, 2002). For a parasite taxon to be 
considered part of a biogeographical core, it must not only be widely 
distributed but also must be characteristically associated with, and 
restricted to, a monophyletic group of host species (see Choudhury and 
Dick, 1998), even if it is not present in all host species of that group, 
DOl: lO.1645/GE-2541.l 
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The helminth fauna of siluriforms (including ictalurids and the widely 
distributed heptapterid Rhamdia guatemalensis) has been studied with 
considerable intensity in Mexican freshwaters in the last several years, 
providing empirical evidence to explore aspects of the evolutionary history 
of that particular host-parasite association, Several helminth species have 
been hypothesized as members of the core parasite fauna of these fishes 
(Perez-Ponce de Leon and Choudhury, 2002, 2005; Scholz et aI., 2003; 
Rosas-Valdez et aI., 2004; Rosas-Valdez and Perez-Ponce de Leon, 2008), 
Herein, we use the information we have obtained on the helminth parasite 
fauna of ictalurids and heptapterids from Mexico, and the perusal of 
information regarding the helminth parasite fauna in the Mexican 
freshwaters, to test the hypothesis that some species are actually confined 
to monophyletic groups (family level) of hosts, by assessing the index of 
host specificity proposed by Poulin and Mouillot (2003), The choice of this 
index was based on the fact that it incorporates taxonomic distinctness 
among the hosts but also is independent of sample size, which is important 
in comparing asymmetric samples, Most of the previous published 
accounts are lacking in relevant ecological information, i,e" prevalence 
values are not reported, This index is simple to calculate and interpret, 
with results ranging from a minimum value of I, when all host species are 
members of the same genus, to a maximum of 5, when all host species 
belong to different classes. 
The helminth parasite fauna of ictalurids and R, guatemalensis in 
Mexico includes 89 species (Rosas-Valdez and Perez-Ponce de Leon, 
2008). Of the 89 parasite taxa, we only considered in this study those 
identified to species level. That includes 57 species of adults, Larvae were 
not included because the core fauna hypothesis is restricted to parasites in 
the adult stage (see Perez-Ponce de Leon and Choudhury, 2002). In 
addition, only those helminths identified up to species level were included 
in the analysis, i.e., 36 species, and 25 of them were adequate for the 
calculation of the STO' Unidentified species were not considered in the 
index, because they could represent more than I species and the index 
results could be underestimated, From the list of species of helminths, a 
search of records for the same species, but in fish from other families, also 
was conducted, These data were obtained from previous checklists 
(Garrido-Olvera et aI., 2006; Salgado-Maldonado, 2006; Perez-Ponce de 
Leon et aI., 2007). The incorporation of all species of hosts is needed to 
assess the host specificity of parasites, because there are helminth parasites 
in ictalurids and R. guatemalensis that also infect other fishes. The index 
proposed by Poulin and Moulliot (2003) generates a value that quantifies 
the taxonomic distinction of different hosts parasitized by certain species 
of parasites, Those species of parasites that are only found in I species of 
host automatically have an STO value of I, according to Poulin and 
Moulliot (2003), The STO and variance (varSTO) values were computed in 
TaxoBiodiv2 following Poulin and Moulliot (2003). Host nomenclature 
and classification follow Nelson (2006); as stated by Poulin and Moulliot 
(2003), 6 taxonomic levels for fishes were considered, In this way, STO 
values are calculated based on the diversity of taxa that have been 
recorded as hosts for every parasite species, generating values of STO 
ranging from I to 5, 
Of the 36 species of adult helminth parasites considered in this study, II 
were found to be specific to I species of host, 10 of them were exclusively 
found in the heptapterid R. guatemalensis, i,e" the monogeneans 
Ameloblastella ehavarriai, Aphanoblastella travassosi, and Pavanelliella 
seaphiocotylus; the digenean Stunkardiella minima; the cestode Proteoee-
phalus brooksi; and the nematodes Cueullanus mexieanus, Hysterothyla-
dum cenotae, Neophilometroides caudatus, Paracapillaria rhamdiae, and 
Pseudoeapillaria yueatanensis; only I, the monogenean Ligictaluridus 
mirabilis, was found in just I species of ictalurid, 
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TABLE I. STD and varSTD values of 25 species of helminth parasites of 
freshwater siluriforms of Mexico. Numbers in parentheses indicate 
number of host species for each parasite, including other fish orders. 
Helminth STD varSTD 
Digeneans 
Alloglossidium corti (3) 1.0 0.0 
Creptotrema agonostomi (2) 4.0 0.0 
Genarchella isabellae (25) 2.5 0.9 
Genarchella tropica (4) 3.5 0.6 
Megalogonia ictaluri (2) 2.0 0.0 
Phyllodistomum centropomi (2) 4.0 0.0 
Phyllodistomum lacustri (7) 2.9 1.9 
Prosthenystera obesa (9) 3.6 0.6 
Monogenean 
Ligictaluridus floridanus (2) 4.0 0.0 
Cestodes 
Bothriocephalus pearsei (2) 4.0 0.0 
Megathylacoides lamothei (2) 1.0 0.0 
Megathylacoides giganteum (3) 1.0 0.0 
Corallobothrium fimbriatum (5) 1.4 0.2 
Nematodes 
Camallanus ox ice phallus (2) 1.0 0.0 
Spinitectus tabascoensis (2) 1.0 0.0 
Procamallanus (s.) pereirai (3) 4.0 0.0 
Cucullanus (C.) caballeroi (4) 3.3 0.6 
Raillietnema kritscheri (4) 3.0 1.0 
Rhabdochona canadensis (4) 3.0 1.0 
Procamallanus (S.) neocaballeroi (4) 2.8 1.5 
Goezia nonipapillata (6) 3.1 1.2 
Dichelyne mexican us (6) 2.9 1.5 
Rhabdochona kidderi (22) 3.2 0.8 
Acanthocephalans 
Caballerorhynchus lamothei (5) 3.3 1.0 
Neoechinorhynchus golvani (31) 2.8 1.0 
The STD value was then computed on the 25 remaining species. A group 
of 7 helminth species parasitizes more than 1 species of host, but the 
maximum value of STD they reach is 2 (Table I). These results mean that 
the hosts they parasitize belong to the same family because each value 
keep up a correspondence to the parasite specificity with regard to a host 
genus (I), a family (2), an order, (3) a class (4), or a phylum (5). This group 
includes the digeneans Alloglossidium corti and Crepidostomum ictaluri; 
the cestodes Corallobothriumfimbriatum, Megathylacoides giganteum, and 
Megathylacoides lamothei; and the nematodes Spinitectus tabascoensis and 
Camallanus oxicephalus; all of them are parasites of ictalurids of the 
genera Ictalurus, Ameiurus, and Pylodyctis. Eighteen species of helminths 
produced an STD value of 2.5 or higher (Table I), which means that they 
are not specific to a particular host family. A group of 5 species reached a 
maximum value for the STD of 4, including the monogenean Ligictaluridus 
floridanus, the digeneans Phyllodistomum lacustri and Creptotrema 
agonostomi, the cestode Bothriocephalus pearsei, and the nematode 
Procamallanus (Spirocamallanus) pereirai. 
The results presented herein also indicate that the composition of the 
host assemblage is independent of the number of analyzed hosts. Parasites 
with the largest number of hosts exhibit a STD value comparable to other 
species with a smaller number of host species. For example, the 
acanthocephalan Neoechynorhynchus golvani has been recorded in 31 host 
species and reaches an STD value of 2.75; this value does not differ from 
that found for the nematode Procamallanus (Spirocamallanus) neocabal-
leroi that parasitizes 4 host species and reaches an STD value of 2.83 
(Table I). 
At least 4 species exhibited high variances, including P. lacustri, P. (S.) 
neocaballeroi, Dichelyne mexicanus, and Goezia nonipapillata (Table I). 
The high variances represent those species of parasites with greater 
probabilities of infecting hosts that belong to a higher taxonomic rank, 
i.e., an order. As discussed by Poulin and Moulliot (2003), the variance in 
STD is not as informative as the mean (STD), but it conveys separate 
information of how much taxonomic heterogeneity there is among a group 
of host species because it measures the "evenness" of the distribution of 
taxa. A high variance refers to the heterogeneity in taxonomic 
composition of the hosts is present. This may be the case for the 4 species 
of helminths that show the highest variance values. However, further 
consideration must be given to this assertion, because these values might 
be dramatically influenced by inaccuracies in the taxonomic identification 
of the parasites. 
Perez-Ponce de Leon and Choudhury (2005) noted that the diversity of 
helminth parasites in Mexican freshwater fishes was mainly determined by 
both the historic and contemporary biogeography of their hosts. They also 
demonstrated that core parasite faunas persisted to some extent, even in 
transitional areas, with limited host sharing. That is, the host lineage, 
mainly at the level of the family, determines that most families of hosts 
possess similar helminth species as a result of a common biogeographical 
history. 
The application of the host specificity index in the present study affirms 
the contention that core parasite fauna is restricted to particular fish 
families, because approximately 47% of the helminth species are only 
found in members of the Ictaluridae (8 species) or in R. guatemalensis (10 
species). However, the STD value of a taxon that is only found in I species 
of host would automatically be I. Interestingly, the taxonomy of species of 
Rhamdia in the Mexican freshwaters has not been settled (see Perdices et 
aI., 2002, and references therein), and it is possible that some of the 
helminthological records may be allocated to a different congeneric species 
once a comprehensive revision of the genus is conducted. At least the 
monogeneans A. chavarriai and A. travassosi and the digenean S. minima 
are parasites of Rhamdia spp. in Central America (Caballero y Caballero 
and Brenes, 1956; Watson, 1976; Mendoza-Franco et aI., 2007). Likewise, 
none of these helminth species has been found in any other freshwater fish 
species thus far, and, accordingly, they are part of the core parasite fauna 
of heptapterids (Rosas-Valdez and Perez-Ponce de Leon, 2008). In 
addition, the specific parasites of ictalurids with respect to their STD 
values also are known to be widely co distributed with their hosts in other 
regions of North America, north of Mexico (Margolis and Arthur, 1979; 
McDonald and Margolis, 1995; Hoffman, 1999). The digeneans A. corti 
and C. ictaluri, the monogenean L. mirabilis, and the cestodes C. 
jimbriatum and M. giganteum have been referred to as a part of the core 
fauna of ictalurids (Perez-Ponce de Leon and Choudhury, 2002, 2005; 
Rosas-Valdez et aI., 2004; Rosas-Valdez and Perez-Ponce de Leon, 2005). 
The proper identification of taxa and the accuracy of the identification 
to species level are fundamental for the robustness of the host specificity 
index. Our results identified this potential problem. For example, the 
digenean P. lacustri shows an STD value of 2.9 (Table I) that according to 
the interpretation by Poulin and Moulliot (2003) means it should be found 
in hosts belonging in different orders. Phyllodistomum lacustri is 
considered as a part of the core helminth fauna of ictalurids (Perez-Ponce 
de Leon and Choudhury, 2002) based on the fact that it is actually a 
common species of that fish family in other parts of North America 
(Margolis and Arthur, 1979; McDonald and Margolis, 1995; Hoffman, 
1999). However, this digenean also has been reported in Mexico as a 
parasite of Cichlidae and Eleotridae (see Perez-Ponce de Leon et aI., 2007). 
Vidal-Martinez et ai. (200 I) reported P. lacustri as a parasite of cichlids in 
southeastern Mexico, but the description and illustration presented in that 
study do not correspond with the diagnosis of P. lacustri; accordingly, the 
specimens are not conspecific (also see Mendoza-Garfias and Perez-Ponce 
de Leon, 2005). We further studied specimens from the personal collection 
of Serapio Lopez Jimenez (collected from the urinary bladder of cichlids 
from Tabasco, in southeastern Mexico). These specimens correspond with 
those reported by Vidal-Martinez et ai. (2001). These observations 
indicate that specimens from cichlids are not P. lacustri. This species also 
has been reported in eleotrids (Guavina guavina, Vidal-Martinez, 1995) 
and Gobiomorus dormitor (Campos-Perez, 1992; Vehisquez-Silvestre, 
1994). We examined voucher specimens deposited at the National 
Collection of Helminths (CNHE 1523 and 1524), and these specimens 
are not P. lacustri. This casts further doubt on the reports of P. lacustri as 
a parasite of eleotrids made by Vehisquez-Silvestre (1994) and Vidal-
Martinez (1995) and requires further corroboration. Notwithstanding, 
reports of P. lacustri in hosts other than ictalurids, such as species of 
Cichlidae and Eleotridae, inflate the STD value (reaching 2.9), reflecting a 
supposed lack of host specificity of P. lacustri. Therefore, the STD value 
should be <2, indicating specificity at the level of the family. This 
demonstrates that ecological measures will be incorrect if the taxonomic 
work is inaccurate. 
The case of the monogenean L. floridanus also deserves further 
consideration. Species of Ligictaluridus have been generally considered 
as parasites ofictalurids (see Hoffman, 1999). In our study, L.floridanus is 
part of the group of species that apparently reach the highest STD values, 
meaning a lack of specificity. However, monogeneans are known for their 
high host specificity toward a particular species of hosts. Moreover, the 
fact that L. floridanus exhibits such an elevated specificity value may be the 
result of an inaccurate taxonomic identification and also illustrates the 
impact that this inaccuracy may have on the index of specificity. 
Unfortunately, in this case, voucher specimens are not available to 
corroborate the taxonomic identity of these records. 
The results presented herein strengthen the hypothesis of the 
biogeographical core parasite fauna in freshwater fishes by using a 
quantitative approach. Whether or not the "core fauna" hypothesis might 
hold for other host groups needs to be corroborated by analyzing data 
from other host-parasite systems. 
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ABSTRACT: The helminth community of the Mediterranean gull 
(Ichthyaetus melanocephalus) from the Calabria region in southern Italy 
was examined. Ten species of helminths, including 2 cestodes (Alcataenia 
larina and Tetrabothrius cylindraceus), 4 digeneans (Aporchis massiliensis, 
Brachylaima fuscatum, Cardiocephaloides longicollis, and Ornithobilharzia 
canaliculata), and 4 nematodes (Eucoleus contortus, Capillaria sp., 
Cosmocephalus obvelatus, and Paracuaria adunca), were found. The 
Mediterranean gull represents new host records for A. larina, A. 
massiliensis, B. fuscatum, and E. contortus; all species, except C. longicollis 
and O. canaliculata, constitute new locality records. The gastrointestinal 
helminth community of L melanocephalus consisted of 9 species but, at the 
infracommunity level, species richness, diversity, and total helminth 
abundance are among the lowest reported from any gull species. Two 
cestode species accounted for 81 % of all helminth specimens found. 
The Mediterranean gull Ichthyaetus (Larus) melanocephalus Temminck, 
1820, is a highly migratory species that has undergone a dramatic range 
expansion in the last decade. This species breeds almost entirely in Europe, 
mainly in the southeast, and is an opportunistic omnivore, feeding mainly 
on terrestrial and aquatic insects, mollusks, fish, and rodents according to 
local availability (BirdLife International, 2009). 
Although a number of parasitological studies have been published on 
gull species (Pemperton, 1963; Threlfall, 1967; Bakke, 1972a, 1972b, 1973, 
1985; Kennedy and Bakke, 1989; Bosch et al., 2000; Roca et aI., 1999; 
Sanmartin et aI., 2005; Alvarez et aI., 2006), to date there are no studies on 
helminth communities of the Mediterranean gull. Only a few single-species 
reports are available (Stossich, 1892; Baer, 1954; Smogorzhevskaya, 1990), 
and just I from Italy, which recorded the digenean Ornithobilharzia 
canaliculata (syn. Bilharzia kowalewskii; Parona and Ariola, 1896). Here 
we report, for the first time, on the helminth community of adult 
Mediterranean gulls. 
We examined 34 Mediterranean gulls killed illegally by poachers on 12 
March 20 lOin Gizzeria, on the Tyrrhenian coast of Catanzaro Province of 
southern Italy. Gulls were collected by the staff of Wildlife Rescue Center 
of Catanzaro on the beach close to a small estuarine lagoon and frozen at 
-20 C until necropsy. After thawing, gulls were sexed; then the air sacs, 
heart, trachea, lungs, pancreas, liver, kidneys, and alimentary canal were 
removed, opened, and examined for helminths. The alimentary tract was 
divided into esophagus, stomach, intestine, ceca, rectum, and cloaca. The 
intestine was divided into 2 equal sections (upper and lower intestine), 
which were examined separately. In addition, mesenteric veins were 
isolated, opened, and inspected. Helminths were washed in physiological 
saline and fixed in 70% ethanol. Cestodes and trematodes were stained 
with Mayer's acid carmine or Ehrlich's hematoxylin and mounted in 
Canada balsam; nematodes were cleared in lactophenol on a glass slide for 
identification and then returned to the preservative. Voucher specimens 
were deposited in the United States National Parasite Collection, 
Beltsville, Maryland, under accession numbers 1032971103306. 
Infection parameters were estimated following Bush et al. (1997). To 
describe the infracommunity structure of the gastrointestinal helminths, 
the number of helminth species per bird (richness) and the number of 
worms of all helminth species per bird, including uninfected hosts (total 
abundance), were recorded. Brillouin's index of diversity (BI) was used to 
calculate infracommunity diversity (Magurran, 1988). The correlation 
DOl: 1O.1645/GE-2602.1 
between gender and abundance of each helminth species, and infra-
community parameters, was assessed using a Brunner-Munzel test 
included in the free statistical software Quantitative Parasitology v. 3 
(Reiczigel and Rozsa, 2001). Statistical significance was set at P :s 0.05. 
A total of 10 helminth species was found in 12 males and 22 females of 
Mediterranean gull (Table I). Adult specimens were observed in all 
species. Helminths were detected only from the alimentary tract, except for 
2 specimens in copula of the digenean 0. canaliculata, which were found in 
the mesenteric veins. For comparative purposes, general statistical 
parameters of the gastrointestinal helminth community of the Mediterra-
nean gull are listed in Table II, together with similar data from other gull 
species reported from the literature. Gastrointestinal helminth communi-
ties of L melanocephalus in southern Italy were composed of 9 species: 2 
Cestoda, 3 Digenea, and 4 Nematoda (Table I). Most of the birds were 
infected with cestodes (65%), followed by digeneans (35%) and nematodes 
(32%). A total of 292 helminth specimens were collected in 27 of 34 
(79.4%) gulls (11 males and 16 females); 237 were cestodes, 35 were 
digeneans, and 20 were nematodes. Most gulls were infected with 1 (42%), 
or 2 (23.5%) species. Individual birds harbored a mean (±SD) of 1.4 ± 1.2 
species (range: 0-4), and a mean of 8.5 ± 11.6 (range: 2-47) individual 
helminths. Brillouin's index of diversity ranged from 0 to 0.86 (mean ± SD 
= 0.24 ± 0.30). No significant correlation was found between sex and the 
abundance of any helminth species or in infracommunity parameters. 
New host records are reported for Alcataenia larina, Aporchis 
massiliensis, Brachylaima fuscatum, and Eucoleus contortus; all species, 
except Cardiocephaloides longicollis and O. canaliculata, constitute new 
locality records. All species collected are generalists in aquatic birds. 
Helminth species with the prevalence > 10% (Bush et aI., 1990) were 
only 5 (all with very low mean abundance ranging from 0.05 to 3.6), A. 
larina, Tetrabothrius cylindraceus, Cosmocephalus obvelatus, E. contortus, 
and C. longicollis. The total number of species collected in the present 
study (10) is within the lower value found previously in other gull species, 
with the exception of 2 cases, both from Spanish islands. Thus, Roca et al. 
(1999) collected only 9 gastrointestinal helminth species in 58 Larus 
audouinii from the Chafarinas Islands, and Bosch et al. (2000) recovered 
only 10 helminth species in 122 Larus cachinnans from the Medas Islands. 
However, in both studies, values of mean species richness and mean 
abundance were much higher. In other studies on gulls, the number of 
helminth species ranged from 22 to 41 (Pemberton, 1963; Threlfall, 1967, 
1968; Bakke, 1972a, 1972b, 1973, 1985; Sanmartin et aI., 2005; Alvarez et 
aI., 2006). 
The helminth community was dominated numerically by cestodes, 
which accounted for 81 % of the total helminths found. Tetrabothrius 
cylindraceus was the most prevalent and the most abundant parasite. It is a 
gull generalist that utilizes a wide range of intermediate hosts, including 
cephalopods, crustaceans, and fish (Hoberg, 1994). Prevalences of T. 
cylindraceus have been observed to vary with gull species and geographical 
location. For example, Williams and Harris (1965) reported a prevalence 
of 33.0, 35.4, and 57.1 % in Larus marinus, Larus argentatus, and Larus 
fuscus, respectively, from Wales, while Roca et al. (1999) reported a 
prevalence of 93% in L. audouinii from the Chafarinas Islands. 
Alcataenia larina is a parasite of gulls with a Holarctic distribution, 
extending across high-latitude seas (Hoberg, 1986). Two subspecies, 
namely, A. larina pacifica and A. larina larina, are recognized, with the 
former occurring in the north Pacific basin and the latter in the north 
Atlantic. Intermediate hosts for species of Alcataenia are euphausiid 
species of Thysanoessa (Hoberg, 1986). The most common species 
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TABLE I. Infection parameters of helminths in 34 Mediterranean gulls (Ichthyaetus melanocephalus) from southern Italy. 
Intensity of infectiont 
Helminth species (location in host)* Prevalence (%) Mean abundancet x Range 
Cestoda 
Tetrabothrius cylindraceus (I) 44 3.6 ± 7.6 8.2 ± 9.8 
13.5 ± 15.5 
2-39 
1-42 Alcataenia larina (I) 23.5 3.1 ± 10.0 
Nematoda 
Cosmocephalus obvelatus (E) 15 0.2 ± 0.5 1.4 ± 0.5 
2.2 ± 1.5 
I 
1-2 
1-4 Eucoleus contortus (E) 12 0.2 ± 0.8 
Capillaria spp. (I) 6 0.05 ± 0.2 
Paracuaria adunca (S) 6 0.05 ± 0.2 
Trematoda 
Cardiocephaloides longicollis (1) 15 0.2 ± 0.6 1.5 ± 0.8 
6 ± 5.1 
2 ± 1.0 
2 
1-3 
3-12 
1-3 
Aporchis massiliensis (I) 9 0.5 ± 2.1 
Brachylaima fuscatum (1) 9 0.2 ± 0.6 
Ornithobilharzia canaliculata (M) 3 0.05 ± 0.3 
• Abbreviations: E, esophagus; I, intestine; LI, lower intestine; M, mesenteric veins: S, stomach. 
t Mean abundance and infection intensity were reported with mean followed by standard deviation. 
reported in European gulls is Alcataenia micracantha (Williams and 
Harris, 1965; Bosch et al., 1999; Sanmartin et ai., 2005; Alvarez et ai., 
2006). Our finding of A. larina from southern Italy is of interest because it 
may indicate that Mediterranean gulls migrate from Arctic localities. 
Nematodes and digeneans were characterized by very low prevalence 
and intensity. Cosmocephalus obvelatus and Paracuaria adunca are 
common parasites of fish-eating birds and have a cosmopolitan 
distribution (Anderson, 2000). In Audouin gulls, Roca et ai. (1999) 
reported a much higher prevalence for both C. obvelatus (82.8%) and P. 
adunca (94.8%). First-stage larvae of C. obvelatus and P. adunca develop in 
several species of amphipods, whereas infective larvae are found in fish 
(Anderson, 2000). Wong and Anderson (1982) believe that fish are the 
source of C. obvelatus in ring-billed gulls (Larus delawarensis). Capillaria 
spp. and E. contortus are generalist in birds, with earthworms being the 
recognized intermediate/paratenic hosts (Anderson, 2000). 
Among digeneans, C. longicollis is a common parasite of Laridae; its 
cercariae are released from various species of Nassidae (Prosobranchia), 
and metacercariae develop in marine fishes, i.e., Sparidae and Scom-
bresocidae (Niewiadomska, 2002). In contrast, Brachylaima spp. use 
terrestrial gastropods as intermediate hosts. The only potential zoonotic 
parasite found in this study is O. canaliculata; cercaria of this species can 
cause dermatitis in humans when swimming at sea (Penner, 1953). 
Generally, it is agreed that a geographically widespread generalist feeder 
is exposed to a greater number of potential intermediate host species, 
resulting in a greater helminth richness compared to a specialized 
consumer with a narrower geographic range (Kennedy et ai., 1986; Esch 
et ai., 1990). Among migrating birds, it is believed that 2 major factors 
playa role in affecting parasite diversity. The first is a shift in exposure to 
potential intermediate hosts. Second, profound changes in host diet during 
migration cause significant changes in intestinal physiology, which, in 
turn, may have a significant impact on parasite diversity (Esch et ai., 
1990). It is also believed that intensity of helminth infection decreases 
during the migration and reaches its maximum at the breeding grounds 
(Kennedy et ai., 1986; Kennedy and Bakke, 1989; Esch et ai., 1990). 
Kennedy and Bakke (1989) found evident seasonal changes in the 
structure of gastrointestinal helminth communities in common gulls 
(Larus canus) collected from a breeding colony in Norway. At the 
beginning of the breeding season, when the gulls arrived on the breeding 
grounds, birds harbored significantly few helminth species with commu-
nity diversity (BI) significantly lower. Approximately 2 mo later, statistical 
parameters of gastrointestinal helminth community had reached their 
maxima (Table II). 
Because the Mediterranean gull returns to its breeding colonies from 
late February to early April, with most individuals beginning to breed in 
early May (BirdLife International,. 2009), we believe that the gulls 
examined in the present study had arrived on the breeding grounds in 
Gizzeria just before they were killed. This might explain the extremely 
poor helminth communities found. Unfortunately, no data exist regarding 
helminth communities in other Mediterranean gull populations for 
comparison. 
We thank the Amministrazione Provinciale di Catanzaro for permitting 
the use of gull carcasses. 
TABLE II. General statistical data of known gastrointestinal helminth communities in gull species. * 
Reference 
Geographical site 
Species richness 
Abundance 
Brillouin index 
Mediterranean gull 
Ichthyaetus melanocephalus 
This study 
Southern Italy 
1.4 (0-4) 
8.5 (0-47) 
0.24 (0-0.86) 
Bonaparte's gull 
Larus philadelphia 
Kennedy et ai., 1986 
Not stated 
5.5 (0-9) 
50.6 (0-143) 
0.91 (0-1.70) 
Host 
Common gull 
Larus canus 
Kennedy and Bakke, 1989t 
Norway 
From 1.6 (0-3) to 3.3 (1-7) 
From 38.5 (0-292) to 138.2 (1-1,091) 
From 0.17 (0-0.574) to 0.64 (0-1.482) 
• Data were reported with mean followed by standard deviation and the range in parentheses except where stated. 
Audouin's gull 
Larus audouinii 
Roca et ai., 1999 
Chafarinas Islands (Spain) 
4 (1-7) 
31.1 (0-190) 
0.84 (0-1.85) 
t Data from Kennedy and Bakke (1989) were reported by minimum and maximum mean value per month of sampling as listed by authors. 
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Prevalence of Toxoplasma gondii Antibodies and DNA in Dogs in Shanghai, China 
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ABSTRACT: The aim of this study was to estimate the prevalence of 
Toxoplasma gondii infection in dogs in Shanghai, China. A total of 1,736 
sera (1,178 from the city center and 558 from the outskirts) was collected 
from healthy dogs and tested for T gondii infection by indirect 
hemagglutination; 56 sera (3.2%) were considered positive, with titers 
> 1:64. The seroprevalence in dogs from the outskirts of the city (town 
dogs, 6.0%; countryside dogs, 9.8%) was significantly higher (P > 0.05) 
than that in city center dogs (1.3%). The age of the dog has an apparent 
association with T gondii infection; that is, the seroprevalence ranged 
from 1.9% (in dogs :s I year old) to 3.6% (in dogs >5 years old). There was 
no significant difference in gender (P ~ 0.05), that is, 1.4% versus 1.1 % for 
male and female dogs in the city center, 6.2% versus 5,9% in town dogs, 
and 8.4% versus I 1.5% in country dogs, respectively, These results suggest 
that T gondii infections are common in dogs from the city center and 
outskirts of Shanghai, but the T gondii seroprevalence in dogs is 
considerably lower than in other regions in PR China, The presence of 
T gondii DNA was investigated by nested PCR on 110 blood samples 
from city center dogs, but no positive samples were found, which may 
suggest that there were no acute infections of T gondii in the city center 
samples, Our results indicate that the control and treatment of 
toxoplasmosis in Shanghai has been effective, However, it is still essential 
to further implement integrated strategies to prevent and control T gondii 
infection in dogs in both the city center and the outskirts. 
Toxoplasma gondii is prevalent in most areas of the world and may 
cause abortions or neonatal complications in humans (Jittapalapong et aI., 
2007). Dogs have been implicated as a potential risk factor for T gondii 
infection in humans, owing to mechanical transmission of oocysts 
(Lindsay et aI., 1997). Shanghai is the most comprehensive industrial 
and commercial city in China and is one of the largest metropolitan areas 
in the world, but there have been limited surveys of T gondii infections in 
dogs in Shanghai in recent years. With the improvement in people's living 
standards and awareness of good animal welfare, the number of pet dogs 
has increased substantially; it is estimated that there are now more than 
1,000,000 dogs in Shanghai. To provide a foundation for the improved 
control of T gondii infection in dogs, the objective of the present 
investigation was to estimate the prevalence of T gondii in dogs in 
Shanghai, China. 
Shanghai includes 19 districts that are geographically divided between 
the city center and the outskirts (Fig. I). A total of 1,736 dogs (I, I 78 from 
the city center and 558 from the outskirts) was selected randomly from 
those presented for annual vaccination to the animal health authorities in 
Shanghai in 2009. Biometric data for these dogs, including information on 
age, sex, and management, were obtained from the owners. All the dogs 
were asymptomatic; moreover, none had received any prophylaxis or 
treatment for T gondii. 
Blood samples were collected from the saphenous veins of the dogs into 
plain sterile tubes, left to clot at room temperature for 3 hr, and then 
centrifuged at 1,000 g for 10 min. The separated sera were stored at - 20 C 
until analysis. In addition, about 110 blood samples chosen randomly 
from the city center dogs were placed into tubes containing heparin for the 
analysis of T gondii DNA by nested PCR. 
All serum samples were tested for antibodies to T gondii using a 
commercial indirect hemagglutination assay (IHA; Lanzhou Veterinary 
Institute of China Academy of Agriculture and Science, Lanzhou, China). 
Positive and negative control sera were provided in the kit. The procedures 
described in the manufacturer's instructions were carefully followed. 
Briefly, serial2-fold dilutions of the sera were prepared to a titer from 1:16 
to 1:1,024, added to 96-well V-bottomed polystyrene plates, then mixed 
with a suspension of sensitized sheep erythrocytes at 37 C for 2 hr. Titers 
DOl: IO.1645/GE-2558.1 
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measuring 64 or higher were recorded as positive. Positive and negative 
controls were included in each test. Statistical analysis of T gondii 
prevalence between the city center and the outskirts groups, and between 
male and female dogs, were performed by x2-test with Excel (Microsoft 
Excel 2003). The differences were considered statistically significant when 
P < 0.05. 
In addition, the possible presence of T gondii DNA in blood was 
investigated by nested PCR as previously described (Wang et aI., 2007). 
One hundred and ten blood samples were chosen randomly from the city 
center dogs, and the DNA was extracted using a DNA rapid extraction kit 
(UltraPure, Shanghai, China). Nested PCR detection of the 5.8S rRNA 
gene (Accession No. X75453) of T gondii was performed using the outer 
primers 5' -ACCTTTGAATCCCAAGCA-3' and 5'-TTTGCATTCAA-
GAAGCGTG-3', and the inner primers 5'-TAAATCGGACAAACG-
CCC-3' and 5' -AAGGTGCCATTTGCGTTC-3', which should amplify a 
433-bp fragment under predetermined conditions. Two beagle dogs 
(males, I-yr-old; Nanjing Anlimo Experimental Animals Supply, Nanjing, 
China were used as controls; both conformed to Chinese regulations 
regarding animal care and use, as approved by the Animal Research 
Committee of Shanghai Veterinary Research Institute. About I x 106 T 
gondii tachyzoites of RH strain were inoculated intraperitoneally to each 
dog. After 2 days, the body temperature of the dog had increased to 4 I C; 
FIGURE I. Shanghai, China, includes 19 districts that are geograph-
ically divided into the city center and the outskirts. The area within the 
center city includes 10 districts. The outskirts consist of the remaining 9 
districts, each of which is made up of town and countryside. 
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TABLE 1. The prevalence of Toxoplasma gondii infection in dogs in People's Republic of China. 
Region No. tested Positive (%) Serological* Cutoff value Time tested (year) Reference 
Guangzhou 150 21.3 ELISA Unknown Unknown Zhang, Zhou et aI., 2010 
Shanghai 315 5.4 IRA 1.64 Unknown Liu et aI., 2009 
Shanghai 243 5.3 IRA 1.64 2007 Qu et aI., 2007 
Shanghai 3,982 13 LAT 1.64 2002 Wang et aI., 2006 
Beijing 159 13.2 ELISA Unknown Unknown Yu et aI., 2006 
Yunnan 171 14.6 IHA 1.64 Unknown Ye et aI., 2002 
Hebei 78 26.9 ELISA Unknown 2000-2001 Yuan etal., 2004 
Zhengzhou 106 12.3 IRA 1.64 2009 Zhang, Li, et aI., 2010 
Xingjiang 96 4.2 IRA 1.64 Unknown Zhang et al., 2009 
• IRA: indirect hemagglutination test, LAT: latex agglutination test, ELISA: enzyme-linked immunosorbent assay. 
post-infection blood was collected to purify the genomic DNA as the 
positive control. The purified PCR products of positive control was 
directly sequenced by Shanghai Invitrogen Biotechnology Company, and 
the result showed that it was 433 bp and identical to the corresponding 
sequence of T. gondii 5.8S rRNA gene. For the negative control, a blood 
sample was obtained from another beagle, which was verified to be 
without T. gondii by the commercial ELISA-CIVTEST kit (Combined 
Company, Shenzhen, China) according to the manufacturer's recommen-
dations. PCR products were analyzed in 1% agarose gel and visualized 
using UV illumination. 
The overall seroprevalence of T. gondii in dogs was 3.2% (56 of 1,736), 
which is similar to the findings of other surveys in Shanghai: 3.9% in town 
dogs and 5.5% in countryside dogs tested by IHA (Liu et aI., 2009). Since 
2002, dogs in Shanghai have been supplied with a sulfa drug free of charge 
by the animal health authorities. This measure may have caused the 
seropositivity of toxoplasmosis in dogs to decrease from 13.0% in 2002 
(Wang et aI., 2006) to 3.2% in 2009, and to be lower than that in other 
parts of China (Table I). 
The present investigation examined sera from 1,736 dogs (1,178 from 
the city center and 558 from the outskirts) by use of IHA. Although both 
groups were infected with T. gondii, the seroprevalence of infection in dogs 
from the outskirts (town dogs, 6.0%; countryside dogs, 9.8%) was 
significantly higher (P < 0.05) than that in city center dogs (1.3%) 
(Table II). The reason for this may be that in the city center, pet dogs 
receive better care from their owners, so they have less chance to come into 
contact with food or water contaminated with oocysts from the feces of 
infected cats, or with undercooked meat containing tissue cysts from 
infected intermediate hosts. 
Our results demonstrated that there was no significant difference in the 
seroprevalence between sexes, that is, 2.9% (27 of 917) in males and 3.5% 
(29 of819) in females. Similar findings have been reported by others (Ali et 
aI., 2003; Jittapalapong et aI., 2007; Zhang, Zhou et aI., 2010), which 
show that sex is not likely to be a determining factor for infection with T. 
gondii. 
The highest prevalence of infection (3.6%) was detected in dogs >5 yr of 
age, followed by intermediate prevalence (2.8%) in the 2-5 yr age group, 
while the prevalence found in dogs in the < I and> 1-2 yr age groups was 
1.9 and 1.9%, respectively. The difference in prevalence with respect to age 
(adults vs. juveniles) coincides with other studies where higher prevalence 
was observed in the adult group than in the juvenile one (Ali et al., 2003; 
Zhang, Zhou et aI., 2010). This shows that the risk of exposure to T. gondii 
increases with age. 
The nested PCR assay targeted to T. gondii 5.8S rRNA gene has been 
validated in our previous studies; that is, 100 T. gondii per I g of pork 
could be detected (Wang et aI., 2007); 2 positive cases were found in 14 
blood samples chosen randomly from those entering the veterinary clinics 
for annual vaccination (data not shown). However, in the present study, 
the 433-bp DNA fragment of the 5.8S rRNA gene was detected only in the 
positive control, and none in the negative controls. Of 110 blood samples 
obtained from the city center dogs, no positive sample was found by the 
nested PCR assay. There were no acute infections present among the dogs 
investigated, suggesting that control and treatment of toxoplasmosis in the 
city center dogs were effective. 
In conclusion, the prevalence of T. gondii infection in dogs in Shanghai 
was relatively low, especially in city center dogs, which may be the result of 
control measures established by the relevant departments. However, 
additional integrated strategies are required to prevent and control T. 
gondii infection in dogs from both the city center and the outskirts of the 
city, which, in tum, will hopefully have significant implications for the 
effective control of human infection with T. gondii. 
This study was financially supported by the National Special Research 
Programs for Non-Profit Trades (Agriculture) (Grant 200803017). 
TABLE II. Prevalence of antibodies to T. gondii in dogs from the city center and the outskirts by gender and age. 
City center dogs 
Positive 
Total 
Dog group no. No. 
Gender 
Male 648 8 
Female 530 7 
Total 1,178 15 
Age (yr) 
sl 112 
1-2 152 
2-5 356 4 
>5 668 9 
% 
1.4 
l.l 
1.3 
0.9 
0.7 
l.l 
1.4 
Town dogs 
Total 
no. No. 
162 10 
202 12 
364 22 
30 
34 
88 3 
147 7 
Positive 
Outskirts dogs 
Countryside dogs Total dogs 
Positive Positive Total Total 
% no. No. % no. No. % 
6.2 107 9 8.4 917 27 2.9 
5.9 87 10 11.5 819 29 3.5 
6 194 19 9.8 1736 56 3.2 
3.3 18 5.6 160 3 1.9 
2.9 22 2 9.1 209 4 1.9 
3.4 54 7 12.9 498 14 2.8 
4.8 164 19 11.6 979 35 3.6 
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